








Que no te mueras de covid -19 por falta 
de tratamientos 








56 reglamenta el uso del Dióxido de cloro para toda persona que así lo requiera y bajo su 
consentimiento 


La Corte Internacional de Derechos Humanos ha ORDENADO a los Países Miembros que 
Desapliquen las Normas que van en contra de los Derechos Humanos. 


Ahora se entiende porque la Ministra de Salud de Perú, Pilar Mazzetti, haya declarado finalmente 
que: 


Los Médicos podrán suministrar el Dióxido de Cloro bajo Tratamiento Informado. 
«DERECHOS HUMANOS - TRATADOS INTERNACIONALES 8-8-2020 sobre el Dióxido de Cloro» 


1:Derecho Humano a la Información 
2 Derecho Humano a la Salud. 


La Corte Interamericana de Derechos Humanos ha ordenado a todos los países que son miembros 
de la Comisión que si hay alguna Norma interna que vaya en contra de los Derechos Humanos o de 


algün Tratado Internacional que proteja los Derechos Humanos, el país deberá DESAPLICAR esa 
norma. | 


LA DECLARACION DE HELSINKI (Tratado Internacional) DE LA ASOCIACIÓN MÉDICA MUNDIAL 
en su Artículo Cuarto dice: "Es deber del Médico promover y velar por la salud, bienestar y derechos 
de los pacientes, incluidos los que participan en investigación médica. 


En el Séptimo dice: «La investigación médica está sujeta a normas éticas que sirven para promover 
y asegurar el respeto a todos los seres humanos y para proteger su salud y sus derechos 
individuales. 

Artículo noveno habla del DERECHO A LA AUTODETERMINACIÓN 


El Consejo Económico y Social de la ONU dice que las obligaciones de proteger influyen adoptar 
Leyes u otras medidas para velar la calidad de los servicios de atención de la salud y asegurar que 
los facultativos y otros profesionales de la salud reünan experiencia. Por lo tanto Si un médico 
aplica el Dióxido de Cloro a pedido del Paciente y por esa razón lo despiden de su lugar de trabajo 
ES ILEGAL. Ya que 

LA VOLUNTAD DEL PACIENTE ESTÁ POR ENCIMA DE TODO, DEBIDAMENTE INFORMADO 


Si los médicos abandonan a un paciente por no utilizar el Dióxido de Cloro y éste fallece, éstos 
tendrán responsabilidad civil y penal, por mala praxis médica En caso de que sean familiares los 
que requieran ese tratamiento, deberán hacerlo por escrito y, ante la negativa, deben presentar su 
queja con el director o supervisor médico. Y si no hay respuesta afirmativa, acudir a las instancias 
gubernamentales. 


Si un Ministro de Salud está debidamente informado de la existencia del Dióxido de Cloro y de su 
efecto curativo y aün sin tener evidencia científica hace caso omiso, y si prohíbe su uso en la 
ciudadanía, puede ser denunciado ante la justicia nacional, la Comisión interamericana de 
Derechos Humanos y la Corte interamericana de Derechos Humanos. 


oi además un funcionario hace declaraciones falsas sobre el Dióxido de Cloro mintiendo a su 
población, está Violando el Derecho Humano Internacional a la información, que debe ser veraz y 
oportuna, por lo cual puede ser denunciado ante la justicia. Y si esto provoca la muerte de 
ciudadanos, puede convertirse en un 


DELITO DE GENOCIDIO. 

Fuente: GUILLERMO ROBERTSON, COMISIONADO FEDERAL DE LA COMISIÓN 
INTERNACIONAL DE DERECHOS HUMANOS" Para: Difusión Global, Posicionamiento 
Transcripción y Viralización a favor de los Derechos de todos los Humanos del Planeta. 


httos://radioacromatica.com/index.php/2020/12/3 1/que-no-te-mueras-de-covid-19- 
tratamientos/ 
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Abstract | 
Introduction: The. aim of this review is to determine the Effectiveness of: Oral Chlorine Dioxide in the Treatinentol COVID 19. 


` Methods: Research on the mechanism of action of chlorine dioxide on viruses, on the oral consumption ofwater-solubilized 002 and: on its toxicity 
was reviewed; a quasi-experimental- investigation wasconducted- on the use of oral water-soluble chlorine dioxide in the treatment of 20 patients 
withactive COVID19 infection, compared toa: control group of 20 Patients not treated with chlorinedioxide. | 


Results: To compare the. effect i in the. experimental group versus the control group, a test of comparison of proportions and: their confidence 
intervals was performed for the general symptoms, and for the VAS and Likert criteria, a paired test: using the Wilcoxon-Mann-Whitney. test 
(a: 95%) was performed. . When comparing the experimental group with the control group ‘on the seventh day after symptom manifestation, a 
significant difference was found i in the experimental group with respect to the control group. for the. symptoms Fever: (p: 0000), Cough (p: 0.0000), 


Chills (p: 0.0000) and Dyspnea (p: 0. 0006). When performing the visual analogous comparison. of: pain inthe control group: andin the experimental _ 


group, it was found that in all the items that make up the scale decreased significantly i in this group with’ respect to the control group (p: 0.0000; 
p:00017). On day 14 post-demonstration the difference was greater (p:0.000 ;:p:0.0043). When evaluating both groups (Control and Experimental) 
inthe laboratories, a difference was found for the values of the parameters PC Reactive on day 7 (p: 0.0001) and: DH Lactate (0.0036), with higher 
scores for the experimental. group; Dimero-D.on: day 7 (p: 0: .0194) and on day 14 (p:0: 0029); difference was found in all parameters. The results 
overall (p.«0:05). demonstrate. the hypothesis: that chlorine dioxide i is effective i in the treatment of COVID19. 


Conclusion: Chlorine dioxide i is effective in the treatment of COVID19. and the mechanisms of action by which itacts to achieve itare proposed 
¿in this work. We recommend doing more research. We recommend conducting double-blind studies and delving into studies of toxicological safety 
and therapeutic efficacy of chlorine dioxide in pathologies of epidemiological impact in the. near future. 


Keywords: SARS-CoV-2 * 00۰ * Effectiveness + Chlorine Dioxide. 


multiple organ systems. Like other coronaviruses, the SARS-CoV-2 virus is a 
spherical particle with glycoprotein spikes on its surface. Coronaviruses enter 
host cells when a region of the spike, known as the “receptor-binding domain," 


Introduction 





binds to angiotensin-converting enzyme 2 (hACE2) in human cells. The viral 


membrane then fuses with the host cell membrane, allowing the viral genome 
to enter the host cell. 


Chlorine dioxide (CIO2) has been suggested as a potential agent in the 
fight against COVID-19 and has been proposed three clinical trials to examine 
the ability of CIO2 to treat COVID-19. However, this agent is not well known, 
is not understood and is even demonized in ihe medical community, we 
assume that by confusion conceptual with sodium hypochlorite. Therefore, 
we set out to verify the effectiveness of oral use of the dioxide of chlorine in 
COVID19 through this study, reviewing in depth the history of 0102, its safety 
/ toxicity profile and its possible applications in the fight against COVID-19. 
The objective of this research is to determine if chlorine dioxide is effective in 
managing covid19 [1-65]. 


Literature Review 


Chlorine Dioxide (CIO,) Physical and Chemical Properties 
of Chlorine Dioxide 


In December 2018, a new respiratory illness emerged in Wuhan, China. 
The source of this infection was identified as a new coronavirus, related to 
other coronaviruses that had previously caused outbreaks of Severe Acute 
Respiratory Syndrome (SARS) between 2002 and 2004 and Middle East 
Respiratory Syndrome (MERS) in 2012 (National Institutes of Health , 2020). 
This virus was called "severe acute respiratory syndrome coronavirus 2" 
(SARS-CoV-2) and the disease resulting from infection by this virus was 
called "COVID-19". On March 11, 2020, the World Health Organization (WHO) 
declared COVID-19 a pandemic. 


Coronaviruses are a group of enveloped RNA viruses that can damage 
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the original author and source are credited. 


616-0 


J Mol Genet Med, Volume 15:S2, 2021 


protects it even more, which makes it more difficult to attack than other viruses. 
Approximately 70% of the entire surface of the spike protein is coated with 
glycans; In the case of SARS-CoV-2, sugars are twice as essential. First 
of all, because they stabilize the spicule in a conformation that allows it to 
fit with ACE2 receptors on our cells, the process that initiates infection. By 
removing some glycans from the surface, the spike protein is destabilized and, 
furthermore, the binding with these receptors is weakened. 


A line of research is being developed in post-covid syndrome by one of 
the authors (B.Bolano), focusing attention on the possibility that 0102 acts at 
the level of inflammasomes or even NETosis as a possible explanation for the 
improvement in the post covid19 syndrome manifested by hundreds of doctors 
who have reported cases in the world. The relevance and evidence of these 
findings to the anti-inflammatory mechanism of action of CIO, remains unclear 
at this time. 


In order to explore the mechanism of action more deeply, we selected 
published articles (pubmed, google scholar and other search engines) that 
describe the action of SARS-CoV-2 in cells, in its interaction with 2 
and, in In particular, we investigated augmented reality videos or simulation 
videos based on Silicon, for the three-dimensional representation of the places 
of action, such as the videos in which the spicular protein and the 2 
receptor are manipulated, among others, with ChimeraX (UCSF) augmented 
reality software. 


Similarly, we reviewed the structure of the virus spike and drew on the 
research of Daniel Wrapp and Jason S. McLellan of the University of Texas. 


The three-dimensional image of the spicular S glycoprotein of the SARS- 
CoV-2 betacoronavirus has been seen with electron cryomicroscopy in record 
time. Thanks to this image with a resolution of 3.5 À, it is confirmed that this 
5 protein binds to the hACE2 protein of human cells with a higher affinity than 
that of the SARS-CoV coronavirus. Protein S is the target of the antibodies 
that immunize us. its 3D structure allows us to understand why the monoclonal 
antibodies published against SARS-CoV are not effective against SARS-CoV-2. 





(E 


Figure 1: (A). Geometry of the 6102 molecule with group of points (C2v). 
The bond angle a is 117.6 O and the length of bond d is 147.3 pm. (B). Two 
resonance structures of 0102 are illustrated that reveal the unpaired electron, 
centered on the Oxygen atom, shared between the three atoms. 
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mass of 67.45 g/mol. Typically, CIO, gas can be synthesized from the reaction 
between NaCIO, (sodium chlorite) and Cp: NaClO, and HOCI, NaCIO,, and an 
acid such as HCl or H3PO,. It is easily soluble in water witha solubility of 3g/ 
100 mL https://www. vyphidroasesores. com/. 


The reactivity of chlorine dioxide is related to its structure and bond. 
Chlorine dioxide is a bent symmetric triatomic molecule (C2v point group) with 
a 0-0 bond length of 147.3 picometers and a bond angle of 117.6 degrees 
(Figure 1A). 0102 has an odd number of electrons with 19 valence electrons 
and therefore, is aparamagnetic radical.tts electronic structure puzzled 
chemists for a long time because none of the possible structures dandLewisit 
is very satisfactory for chlorine dioxide [1-10]. 


The molecular orbital theory reveals that a single electron occupies the 
highest unoccupied molecular orbital, the p* orbital, which makes the molecule 
a free radical and explains its reactive nature. The two resonance structures 
of CIO, are shown in figure 1B. The resonance structures of the CIO, radical 
indicate the forms of a double bond between the central Cl atom and an 0 
atom, and a single bond in combination with a 3-electron bond in the other 0-0 
bond. The unpaired electron it is shared between the three atoms within the 
two different resonance structures. Most of the density of a single electron is 
found in one or another O atom. This unique arrangement provides CIO2 with a 
single unpaired electron and two reaction centers (O and Cl) on which to react. 


When chlorine dioxide dissolves in water, most of it does not hydrolyze: 
it remains as a dissolved gas in solution. Another part does, and forms both 
chlorite ion (CIO, ) and chlorate ion (CIO, ). The solubility of chlorine dioxide 
in water at sea level and at 25°C is close to 3 g | L (x 3000 ppm). Its solubility 
increases at lower temperatures. Therefore, when its concentration is greater 
than 3 grams per liter, it is common to store it at temperatures close to 5?C. 
Dissolved in pure water, in a hermetically closed container, in the absence of 
light, and at a low temperature, it is quite stable although it slowly decomposes 
into chlorine and oxygen. Chlorides catalyze its decomposition. 


In biological systems, CIO, can be expected to play an important role as 
an antiviral / microbial agent through oxidative chemistry. 


The therapeutic action of chlorine dioxide is given by its selectivity for pH. 
It means that this molecule dissociates and releases oxygen when it comes 
into contact with another acid. When it reacts, it becomes sodium chloride 
(common salt) and at the same time releases oxygen, which in turn oxidizes 
(burns) the pathogens (harmful germs) of acidic pH present, converting them 
into alkaline oxides (“ashes”). Therefore, when chlorine dioxide dissociates, it 
releases oxygen into the blood, as do erythrocytes (red blood cells) through the 
same principle (known as the Bohr effect), which is to be selective for acidity. 
Like blood, chlorine dioxide releases oxygen when it encounters acidity, either 
from lactic acid or from the acidity of the pathogen. 0102 is a size-selective 
antimicrobial agent. 


Multicellular tissue has the ability to dissipate this charge and is not 
affected in the same way. Chlorine dioxide, which is the second strongest 
disinfectant known after ozone, is much more suitable for use therapeutic 
since it is also capable of penetrating and eliminating biofilm, which ozone 
does not do. The great advantage of the therapeutic use of chlorine dioxide is 
the impossibility of a bacterial resistance to 6102. Although ozone is stronger 
in terms antiseptics, its high oxidative potential of 2.07 and its short half-life of 
only 15 minutes at 25?C with a pH value of 7.0 make it less effective, for in vivo 
therapeutic applications [11-20]. 


Chlorine Dioxide Antiviral Efficacy 
Mechanism of Antiviral Action of CIO, 


CIO, exhibits antiviral activity through its oxidative chemistry. A virus 
consists of an outer shell or shell and an inner nucleic acid core. The viral 
envelope can be composed of proteins, lipid bilayers, and polysaccharides, 
and the envelope protects the nucleic acid core, in addition to providing 
selective binding and receptor cell recognition. Altering or modifying the viral 
envelope or nucleic acid nucleus will disrupt the modes of viral infection. 


In the case of SARS-CoV-2, the carbohydrate envelope encloses it and 
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exposure. ClO2 gas is toxic at much lower concentrations than aqueous 2. 
Toxicity also increases with the duration of exposure. The fact that CIO2 is less 
toxic in aqueous form allows the use of this molecule as a safe disinfectant in 
municipal drinking water, as a disinfectant for drinking water at points of use 
and as a food disinfectant, among other uses (Figure 4). 


Below is a review of studies examining the safety and toxicity of CIO,. 


. CIO, Solubilized in Water 


in vitro studies 


Noszticzius et al. (2013) examined the differential effects of CIO, on 
microbes versus humans or animals. They performed perfusion studies using 
protein membranes and found that the size of the organism exposed to CIO, 
influences the effects of the oxidant. They reported that a low concentration 
of CIO, quickly kills micron-sized organisms while causing little harm to larger 
organisms, such as humans. The authors suggested that the reasons for this 
differential effect are: (1) CIO, cannot penetrate deeply into the tissues of larger 
organisms and (2) the circulation of larger organisms provides a constant 
supply of antioxidants, offering protection against the effects. CIO, oxidants. 


In vitro studies found that methemoglobin was not formed unless 
glutathione concentrations in red blood cells were almost completely depleted 
(Heffernan et al. 19792). 


In vivo Animal Studies 


Daniel et al. (1990) exposed rats to CIO2 concentrations of 0, 25, 50, 100 
or 200 mg / liter for 90 days. This equates to doses of 11.5 mg / kg / day in 
males and 14.9 mg / kg / day in females. No exposure-related deaths were 
reported. 


Abdel-Rahman et al (1982b) reported LD50 rates for female rats of 340 
to 468 mg / kg and for male rats of 292 to 424 mg / kg after a single gavage 
dose. Additional reports of LD50 in rats include 94 mg / kg (WHO, 2002), 140 
mg / kg (Musil et al., 1963), 292 ppm (National Institute for Occupational Safety 
and Health, 2014) and» 5,000 mg / kg (US Environmental Protection Agency, 
2008). The LD50 in mice has been reported to be» 10,000 mg / kg (Shi et al. 
1999). 


In a study carried out at the University of Querétaro (Mexico) in 2020, 
researchers challenged the hypothesis that 0102 decreases viral load and 
virus-induced mortality in a vertebrate model. To do this, they determined the 
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Figure 2: Positions of the amino acid (cysteine) in the structure of the spike, one of the 


possible sites of action of CIO,. 


Effeciveness of 
rx M 0 A CUZ دب ےد‎ 


rd 
اس‎ ی١‎ 
ES MT 


اج ہے r‏ سوم نے هرپ مت رس رخا سح emm ma I‏ دوب menm‏ 


همه ور عم 


s. d‏ ده و نس وړ 
MSRM)‏ سس ۸سس (rm Ma c Moers M mM‏ 


Figure 3: Effectiveness of chlorine dioxide treatment based on concentration and 
contact time. 


Based on this information, we did a study with a doctor in molecular 
biology from the University of Tsukuba in Japan, in which we sought to build 
the hypothesis of how chlorine dioxide acts on SARS-CoV-2 (Insignares - 
Carrione et al , 2020). As a result, we saw that there is an excellent correlation 
between its structure and its transmission mechanism, as well as the 
determination of the sites of action of promising substances or drugs in the 
treatment of 0071018 and, however, we have not had the expected results for 
its rapid control with none of the drugs tested. Bioinformatics is a tool that 
uses biological data to study biological problems on a wide range of scales, 
such as evolution, structure, the function and regulation of nucleic acids and 
proteins with the help of computational methods. In our work in Japan, we carry 
out in silico analysis, which is a comprehensive quantitative approach that not 
only provides information on the dynamics of intracellular and intramolecular 
processes, but ultimately allows us to predict biological behavior from 
molecular interactions. This was done in our work by focusing on conserved 
domains, structure, function, and biochemical characteristics to understand the 
mechanism of action of chlorine dioxide on the spike and SARS-CoV-2 RNA. 
which is a complete quantitative approach that not only provides information 
on the dynamics of intracellular and intramolecular processes, but ultimately 
allows prediction of biological behavior from molecular interactions. This was 
done in our work by focusing on conserved domains, structure, function, and 
biochemical characteristics to understand the mechanism of action of chlorine 
dioxide on the spike and SARS-CoV-2 RNA. which is a complete quantitative 
approach that not only provides information on the dynamics of intracellular 
and intramolecular processes, but ultimately allows prediction of biological 
behavior from molecular interactions. This was done in our work by focusing 
on conserved domains, structure, function, and biochemical characteristics 
to understand the mechanism of action of chlorine dioxide on the spike and 
SARS-CoV-2 RNA (Figure 2). 


This type of analysis not only provides information on RNA replication, 
but also simulates the dynamics of the interrelation between the spike and 
the hACE2 receptor. The investigation began with the nucleotide sequence 
of the viral RNA, the open reading frames (ORF's) were determined, which 
once analyzed, revealed the oxidation of guanine to 8-oxoguanine. The other 
bases were not modified. The amino acids oxidized by chlorine dioxide are 
found in the spike, located in the helices, S1, S2, RBD and hACE2, which 
could explain the almost immediate effect of clinical improvements achieved 
by dioxide (Insignares - Carrione et al, 2020). 


Cysteine, belonging to the group of thiols, is an amino acid up to 50 times 
more reactive with all microbial systems than the other four amino acids and, 
therefore, it is impossible for it to create resistance against chlorine dioxide. 


The hypothesis proposed by the authors (Insignares - Carrione, 2020) is 
that the cause of the antiviral effect of chlorine dioxide in SARS-CoV-2 can 
he explained by its actions on at least five amino acids (Cysteine, tryptophan, 
tyrosine, proline, hydroxyproline). 


Pharmacokinetics 


The pharmacokinetics of CIO, varies with the route of exposure. Scatina et 
al. (1984) examined the dermal absorption of a 0102 preparation applied to the 
shaved back of rats. The maximum absorption of Cl in plasma was observed 
after 72 hours and a plasma concentration of 69.4 mcg96 Cl was reached. The 
absorption half-life was calculated as 22.1 hours, which corresponds to a rate 
constant of 0, 0314 h-1 (Figure 3). 


Fridyland and Kagan (1971) measured the degree of CIO2 absorption in 
the oral cavity of human subjects by rinsing the mouth with water containing 
predetermined concentrations of 0107, and then measuring the residual 
concentrations of CIO2 in the washings. They found that up to 3096 of the CIO2 
was absorbed. 


Safety / Toxicity 


The safety / toxicity of ٥0102 depends on several variables, including the 
route of administration (e.g., inhaled, topical, or oral), the state of the molecule 
(i.e., gaseous or aqueous), the concentration (usually measured in mg / L 
or ppm for aqueous and ppm or mg / m3 for gaseous), and the duration of 


J Mol Genet Med, Volume 15:52, 2021 


Eduardo IC, et al. 





effects on their responsiveness to these agents, since the increased expression 
of the mesenchymal stem cell markers becomes decreased. They conclude 
that although the active ingredients of mouthwashes (H202, 


Oral ingestion of CIO, solubilized in water. 


The only study conducted for the use of water-solubilized 0109 (CDS) 
ingested by oral route is our present study carried out in a multicenter clinical 


trial in various countries from central and South America (https://clinicaltrials, 


govict2/show/NCTO434374). Statistics of Bolivia where the use of water- 
solubilized CIO? for the prevention and treatment of COVID-19 was approved 
by law in early August 2020, demonstrate a marked reduction in cases and 
deaths in that country. The highest peak recorded in Bolivia was epidemiological 
week 29 (10,939 cases), with cases falling to 670 in epidemiological week 45, 
(representing a 93% decrease). The case-fatality rate decreased from 8% to 
4.5% in epidemiological week 36, coinciding with the massive use of dioxide 
in the population without it being possible to affirm with certainty that dioxide 
is responsible for this decrease. (https:/Isnis.minsalud.gob.bo/). From a peak 
0f 2,031 daily cases on August 20, 2020, cases dropped to 147 daily cases on 
October 21, 2020, representing a 9376 decrease. Daily deaths decreased from 
a peak of 132 on September 3, 2020 to 24 deaths on October 21, 2020, with an 
82% decrease in mortality. (https://www.covid19.onl/country/holivia). 


While there was a rebound in cases from epidemiological week 49 to 53, 
mortality remained relatively low. Some doctors linked to our research group (in 
Bolivia more than 220 doctors) provide feedback that the population reduced 
the consumption of dioxide and that could be a possible explanation for the 
peak, and the increase in the consumption of chlorine dioxide again reduced 
the peak fo the previous levels, maintaining a reduced comparative mortality 
(personal communications) (Figure 5). 


In summary, while in other countries the plateau was maintained, in 
Bolivia it fell, attributing this decrease (as a possible explanation) to preventive 
measures, the consumption of chlorine dioxide and the massive use of 
traditional medicine as a possible explanation. 


Dose 


In vitro and in vivo studies demonstrate that low doses of water-solubilized 
0102 exhibit potent and rapid antiviral activity against a wide range of viruses. 
In a study on drinking water in the Netherlands, Jin et al. (2013) found that 


treatment with ClO2 at concentrations of 0.5 ppm for 25 minutes, or 1.5 ppm 


for 10 minutes, or 2 ppm for 5 minutes achieved at least a 4 log reduction of 
enterovirus. Schijven et al (2019) demonstrated that municipal drinking water 
treated with 6102 (0.1 ppm in summer and 0.05 ppm in winter) significantly 
reduced adenovirus levels to levels that are considered safe for drinking water. 


Alvarez and O'Brien (1982) found a CIO2 concentration of 40 ppm added 
to wastewater seeded with SARS-CoV that completely inactivated the SARS- 
CoV in 30 minutes. 


The dose used in this research is 30 mg per day for 21 days, which is well 
below the NOAEL, or in the worst case the same as the NOAEL reported in 
previous studies in animals, as we discussed in previous lines. . 


Materials and Methods 
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Figure 4: Review of experimental levels of chlorine dioxide / chlorite systemic 
toxicity. In blue, reference levels for disinfection of drinking water (US-EPA); 
in green, levels with evidence of therapeutic efficacy at zero toxicity (Refs A 
Kalcker and E. Insignares Carrione); red: minimum levels of toxicity detection 
reported in different in vivo studies in animals and humans. 


viral load, virus-induced lesions, and mortality in 10-day-old chicken embryos 
inoculated with 104 ۳۱050 / mL in media of attenuated avian coronavirus (IBV) 
strains from Massachusetts and Connecticut. 0102 treatment had a marked 
impact on IBV infection. Specifically, viral titers were 2.4 times lower and 
mortality was reduced by half in infected embryos that were treated with ۰ 
The infection caused developmental abnormalities, regardless of treatment. 
Lesions typical of IBV infections were observed in all inoculated embryos, but 
severity tended to be significantly less in CIO2-treated embryos. They found 
no gross or microscopic evidence of toxicity caused by CIO2 at the doses used 
in this case. The study concludes that 0102 could be a safe and viable way 
to treat and mitigate the effects of avian coronavirus infections, and raises the 
possibility that similar effects may be observed in other organisms. (Xóchitl 
Zambrano-Estrada et al, 2020). 


Water Solubilized Chlorine Dioxide (CDS) in Human and 
Animal Studies 


The studies by Lubbers et al. (1982, 1984a) at the Ohio State University 
School of Medicine evaluated the short-term toxicity of drinking 002۰ In the 
first study (Lubbers et al. 1982), a group of 10 healthy adult males drank 1,000 
ml (divided into two 500 ml portions, 4 hours apart) of a gradually increasing 
dose of 0102. The study included a series of six sequences of 3 days each 
in which subjects drank 0.1, 1.0, 5.0, 10.0, 18.0, and 24.0 mg / L of 27 
solution. (0.34 mg / kg, assuming a reference body weight of 70 kg). . In the 
second study (Lubbers et al., 1984a) groups of 10 adult males received 500 ml 
of distilled water containing 0 or 5 mg / L CIO2 (0.04 mg | kg-day assuming a 
reference body weight of 70 kg) for 12 weeks. 


In a comparative study of hyperpure chlorine dioxide with two other 
inigants regarding the viability of periodontal ligament stem cells (PLDSCs), cell 
viability experiments demonstrated that the application of 0109 does not lead 
to a significant decrease in the viability of PLDSCs. in the concentrations used 
to kill microbes. In contrast, traditional irrigants, H202 and CHX are highly toxic 
to PDLSCs. The aging of PLDSC cultures (passages 3 vs. 7) has characteristic 
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investigations, and above all, that it was not maleficent for patients, we take 
the decision to carry out the investigation for determine if it was effective orally 
in the treatment of COVID19. 


We decided to carry out a phase 113 design given the urgency to verify 
a option effective, fast and economical treatment that could be implemented 
quickly worldwide, which is why we opted for a quasi-experimental clinical trial. 


The NCBI (National Center for Biotechnology Information) for Medline and 
Pubmed databases recently included the concept of ECE (Quasi Experimental 
Studies) under the MeSH term "Non-Randomized Controlled Trials as Topic" 
(NCBI, 2015). 


Once the research protocol was done, it was decided to register it 
in clinicaltrials.gov which was accepted on April 7, 2020 under the number 
NCT 04343742. The design was made international multicenter in order 
to have a faster collection of the sample and in the future, to have a much 
larger and more representative sample. The same protocol was presented 
in eleven American countries and in Spain for approval. Unfortunately, drug 
control entities in all countries generated warnings and even bans on its 
use for human consumption that made it difficult for ethics committees to 
approve the protocol. In Bolivia the law was approved No. 1351 of 2020 that 
authorized the elaboration, commercialization, supply and consented use of 
the CDS chlorine dioxide solution as prevention and treatment in the face of 
the coronavirus pandemic (COVID 19); The ethics committee endorsed by 
the Bolivian Ministry of Health was legally constituted, which approved this 
multicenter research protocol of international scope, retro-prospective, made 
up of five (5) universities (Technical University of Oruro, Public University of 
El Alto, Universidad Mayor de San Simón, Gabriel René Moreno Autonomous 
University and Yacuiba Technical Institute "Gran Chaco" ) which in turn, 
through its scientific and ethical clinical research committees, are doing their 
own research on chlorine dioxide for use in different applications [20-35]. 


Data collection and registration 


Data collection and recording was carried out by recording demographic 
and symptomatic data and by means of observation scales based on visual 
analogue scale (VAS) and laboratory parameters organized by Likert scale 
for better evaluation and comparability. Thus, the instruments or formats were 
built, which were recorded in software specially designed for research with the 
following characteristics: 


An electronic form in a WEB environment was specially designed for 
the registration of information required in the investigation through PCs, 
smartphones and tablets. 


The application was developed by the company SCORPII SAS in 2020, 
with the following functionality: 


* Registration of the contact information and basic profile of the 
investigating physician, who identifies the location of the medical 
center where the patient was treated for the first time and records 
their contact details and socio-cultural profile. 


* File of the letter of informed consent for the use of an investigational 
substance, signed by each patient. 


- Registration of the information on the patient's initial diagnostic clinical 
history. 


* Record of the patient's follow-up clinical history in relation to his 
symptoms, pain scale (VAS) and assessment with the Likert scale of 
the laboratory reports made on day 0, 7, 14 and 21. 


* [n relation to the security conditions, the registered information 
does not have options to make changes or adjustments to the 
registered information by the investigating physicians, guaranteeing 
the authenticity, integrity and confidentiality of the information. Each 
researcher has access to the application through the authentication 
of their email and password, in such a way that they are solely 
responsible for the registration of information on each of their patients. 


* Generation of information consolidation reports for statistical analysis, 
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Figure 5: The death rate of the Coronavirus in Latin America. 


To make the greatest search for scientific information on chlorine 
dioxide, sand they searched Google Scholar, PubMed (Medline), LILACS, 
Cochrane Library, Science, Scielo, MedScape, looking for articles in English 
and Spanish, which would contain search terms chlorine dioxide, virus, 
SARS-CoV-2, coronavirus, oxidant, water purification, "Chlorine dioxide" OR 
"Chlorine dioxide protocol" OR Chlorine dioxide AND virus; Chlorine dioxide 
AND SARS-COV-2; OR "COVID-19 drug treatment" OR "spike glycoprotein, 
COVID-19 virus" OR "severe acute respiratory syndrome coronavirus 2" OR 
"COVID-19" OR "2019-nCoV" OR "SARS-CoV-2" 0 "2019 new coronavirus 
"OR" 2019 coronavirus disease "OR (pneumonia). 


Additionally, a Google search was conducted using these same search 
terms. The articles selected for inclusion consisted of publications related to the 
potential use of CIO2 as prevention or treatment of COVID-19, on the beneficial 
aspects and possible effects of maleficence or toxicity of the substance. 
All retrieved articles were screened and a subset of relevant abstracts was 
selected for further evaluation. The bibliographies of these articles were then 
searched for additional references. The fina! articles selected for inclusion in 
this review consisted of articles examining historical uses, chemistry, toxicity, 
antimicrobial and virucid CIO2, previous investigations in animals in vitro 
and in vivo, and research in humans. The registries of www.clinicaltrials.gov 
and those of the WHO International Clinical Registry Platform (ICTRP) were 
reviewed to identify ongoing or unpublished clinical trials. 


From the search results, we selected those that referred to the virucidal 
action of chlorine dioxide on various microorganisms, in particular on viruses 
and, among them, SARS-CoV-2 or SARS-CoV. 


On the other hand, we selected articles that describe the action of SARS- 
CoV-2 in cells, in its interaction with ACE2 and, in particular, we investigated 
augmented reality videos or simulation videos based on Silico, for three- 
dimensional representation. De sites of action such as videos in which the 
spicular protein and the ACE2 receptor (37) are manipulated, among others, 
with the ChimeraX (UCSF) augmented reality software. 


Similarly, we reviewed the structure of the virus spike and relied on the 
research of Daniel Wrapp and Jason S. McLellan of the University of Texas, 
information with which, in a parallel study, we were able to hypothesize how 
chlorine dioxide acts on SAR-CoV-2. 


With the information needed to conclude that chlorine dioxide was 
beneficent and that its use in the COVID19 pandemic is turned in an immense 
possibility to control it based on the scientific foundations revealed in previous 
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Covid 19 RT-PCR negative, IV / VI renal failure, congestive heart failure, 
patients who consume anticoagulants in particular warfarin sodium, 


Duration of Treatment per Patient 


The observation period per patient in the experimental group was (21) 
twenty-one days. In the control group it was fourteen (14) days. A review was 
carried out at the beginning, at 7, 14 and 21 days in the experimental group; 
in the control group at the beginning, at 7 and 14 days. Post-protocol clinical 
follow-ups (day 22 onwards) were not included in the experimental group and 
neither in the control group. itis important to note that there was clinical follow- 
up by the research staff in most of the patients treated and not treated with 
chlorine dioxide, observing resolution completeness of symptoms in the treated 
group. As an empirical observation, the researchers' report that patients who 
consumed chlorine dioxide as a treatment for COVID19, substantially reduced 
post-COVID19 symptoms compared to patients with the disease, not treated 
with dioxide. 


Total duration of the study 
The study began in July 2020 and concluded in December 2020. 
Assignment of study medication 


Each patient received, in order of admission to the study, a consecutive 
patient number (odd numbers were selected) and the corresponding study 
medication. The allocation of this medication was made prior to the start of the 
study, by means of a computer generated list of vials produced for the purpose 
of the research. The patients received the chlorine dioxide base preparation at 
3,000 ppm, produced by electrolysis with ultrapure chlorine dioxide generating 
equipment, brand medalab www.cl02.com with precise written instructions on 
how to prepare, drink and preserve dilutions. The chemists of the research 
team controlled the standardization of the water used for the base preparation 
of the dioxide at 3000 ppm, as well as the water used for diluting and drinking; 
the controlled variables were: conditions and characteristics of the preparation 
process, standardized characteristics of the container, use of standardized 
Merck 28% sodium chlorite, standardized sterile double-distilled water, 
buffered at pH 7 and chlorine dioxide concentration at 3,000 p.p.m. 


The control group received anti-inflammatory treatment (ibuprofen at 
doses between 200 and 400 mg every 8 hours), antibiotics (azithromycin 500 
mg daily for 5 days), antihistamines (hydroxyzine x 5 mg every 12 hours), 
corticosteroids (generally 40 mg of methylprednisolone every 12 hours for 3 
days and then 20 mg every 12 hours for 3 days) and supportive measures. The 
experimental group did not receive this treatment. 


Dosage and Routes of Administration 


The medication used is chlorine dioxide 3000 ppm in x 120 cc bottles 
marked with a planned label and administered according to the standard 
established in the research protocol. 


Chlorine Dioxide Administration Protocols used: 


Initial protocol, loading or protocol (F): 10 ml of chlorine dioxide 3000 
ppm is added to 1 liter of water, and the liter is taken in two hours, divided into 
eight (8) equal doses. Then it is administered. 


Maintenance protocol: (C) 10 m! of chlorine dioxide 3000 ppm is added 
to 1 liter of water, and the liter is given to drink divided into ten (10) equal 
doses, during the day, every hour. 


The medication is manages orally dissolved in the mouth, at least 60 
minutes before or after a meal. There were no remnants or shortages in the 
medication delivered and the original protocol were strictly adhered to. There 
is no abandonment of treatment. 


Results 


Preliminary analysis of the parameters at study entry 


The characteristics of the patients in the experimental group at the time 
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a function of access exclusively by the research director, without 
options for modifying the database of records made by investigating 
physicians. 


That is, the instruments made it possible to collect and record the results 
from the performance of semiological, clinical and laboratory examinations at 
the beginning of the study treatment of the experimental group and thé control 
group, as well as after 7, 14 and 21 days. 


In addition to demographic data, the following are measured: 


Semiological: red eyes, fever, cough, expectoration, asthenia / adynamia, 
chills, vomiting, dyspnea, nasal congestion. 


The VAS criteria ( The visual analog scale or VAS) for pain it is a straight 
line in which one end means no pain and the other end means the worst pain 
imaginable. The patient marks a point on the line that matches the amount of 
pain felt) and the variables investigated. They are: sore throat, head, chest, 
general myalgic type, affectation due to low back pain. 


Likert criteria (The Likert scale is an ordinal scale using 5 levels) grouped 
paraclinical exams. The variables investigated are lymphocytes, leukocytes, 
platelets, C-reactive protein, Lactate dehydrogenase, AST, -D-dimer and 
lactate in oximetry. 


The instruments made it possible to collect and record the results from the 
performance of semiological examinations, assessment of painful symptoms 
(VAS) and laboratory (LIKERT) at the beginning of the treatment under study 
(or baseline) as well as after 7, 14 and 21 days . 


Analysis and Interpretation of the Data 


It is carried out according to the established variables, with the support of 
the IBM - SPSS Statistics software; the data of the experimental and contro! 
groups were analyzed, the general symptoms by means of a comparison of 
proportions test and their confidence intervals, and the VAS and Likert criteria 
by means of a paired test using the Wilcoxon - Mann - Whitney test o: 95%). 


Population 


The experimental population to which the multicenter study was directed 
consisted of a group of patients with active infection with COVID-19 , in various 
medical centers in Bolivia ( 14 patients ) , most of them in the southern clinic in 
La Paz, Bolivia , Peru ( two patients ) and Ecuador ( four patients ) for a total 
of twenty ( 20 ) patients. The contro! population consisted of eight (8) patients 
from Ecuador, seven (7) patients from Bolivia, three (3) from Mexico and two 
(2) from Peru, for a total of twenty (20) patients. 


Patients 


The selection of the treatment or experimental group was made based 
on patients with active COVID19 infection, who were with positive RT-PCR, 
symptomatic in intervals from 3 to 7 days, which were not in the resolution 
phase, who were proposed to be voluntary research subjects. Control group 
patients chose not to be chlorine dioxide treatment subjects. Similarly, 
simultaneity was applied, which means that patients were obtained in the 
same period of time in which the cases arose. Viral load was not determined 
due to costs, technical and logistical difficulties of the reference laboratories in 
Mexico, Bolivia, Peru and Ecuador. 


Number of Patients 


Twenty patients (n = 20) for the experimental group and 20 patients (n = 
20) for the control group were included in the study. A one-to-one relationship 
per center was not maintained and they were presented randomly according to 
a probabilistic sample design. 


Acceptance Criteria in the Study 


The following inclusion criteria were used: Covid 19 RT-PCR positive, 
characteristic symptoms of Covid-19: fever, odynophagia, respiratory distress, 
aged between 18 and 80 years. 


Exclusion Criteria 
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Figure 6: Ages of Patients Experimental Group. 
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Figure 7: Ages of Patients. Control group. 


The results overall (p « 0.05) demonstrate the hypothesis that chlorine 
dioxide is effective in the treatment of ۰ 


Permanence of the intervention 


As we noted in previous lines, the design of the protocol did not include 
post-intervention follow-up beyond day 21, which was the limit that we 
set ourselves from the beginning. As a non-parameterized observational 
annotation, we can share that the group of researchers did clinical follow-up 
of the patients until approximately two months after the onset of the disease, 
verifying a satisfactory evolution with very few post-covid symptoms. Some of 
the patients noted some mild spinal discomfort and some degree of chronic 
fatigue. 


Discussion and Recommendations 


This research has focused on studying the effectiveness of the use 
of chlorine dioxide in patients with COVID19, by measuring before and 
after treatment, present clinical symptoms and laboratory variables based 
on standardized and accepted scales in research (VAS and Likert) of an 
experimental group compared to a contro! group. 


Regarding the research question whether chlorine dioxide could effectively 
reduce morbidity and mortality in COVID19, the confirmatory significant 
statistical validation by the U test of Wilcoxon — Mann — Whitney test (o: 9596) 
in the experimental and control groups reveal this and confirm the hypothesis 
that chlorine dioxide is effective in the treatment of covid19. 


This phase lla clinical trial is the preliminary phase for the realization of 
an upcoming phase IIb, double-blind randomized study, where we can have a 
sample of 400 patients, a purpose in which we are already working. 


The main advantage of the design we chose is that it is a simple and 
inexpensive study to carry out (the authors did not receive any external funding 
and the costs were paid directly and personally by them) than a clinical trial 
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of admission, after verification of the positive RT-PCR, generated the following 
data: By sex: 13 male patients (65%) and 7 female (35%). 


The ages range between 36 years the minimum and 72 years the 
maximum. The average age for men is 47.6 years and for women 58 years of 
age. The general average age is 53.2 years. 


A parallel instrument was designed to record possible adverse effects of 
chlorine dioxide where the data of each patient and their adherence process 
are placed. In two patients, a slight sensation of gastritis was registered, 7 
days after treatment, temporary, which resolved without intervention and did 
not require stopping the medication (Figure 6). 


Characteristics of the control group 


The characteristics of the patients in the control group at the time of 
admission after verification of the positive RT-PCR generated the following 
data: By sex: 10 male patients (50%) and 10 female (50%). 


The ages range between 44 years the minimum and 69 years the 
maximum. The average age for men is 55.6 years and for women 52 years of 
age. The general average age is 54.5 years (Figure 7). 


Result of the comparison of the Experimental versus 
Control Group by means of a comparison of proportions 
test and their confidence intervals and Wilcoxon - Mann - 
Whitney test (o: 95%) 


To evaluate the effectiveness of the CIO;, the results of each of the 
items were compared by means of a comparison of proportions test and their 
confidence intervals (general symptoms) and a Wilcoxon — Mann — Whitney 
test (a: 95%)(VAS and Likert) of the data obtained from the Experimental 
Group compared with the Control group in the Cohort points of Onset of 
Symptoms, 7 and 14 days after the first symptomatic manifestation. 


Below we present the comparisons between the groups, for general 
symptoms, VAS and Likert (Table 1). 


Regarding general symptoms, on the day of onset of general symptoms, 
both groups (Control and Experimental) were the same for most of the items (p 
» 0.05). However, for the Chills the Experimental group had a higher Average 
Range (25.5) than that of the Control Group (15.5) (p : 0,0001). These results 
confirm that in general for general symptoms, both groups had a similar 
behavior. 


When making ihe comparison on the seventh day post symptom 
manifestation, a significant difference was found in the Experimental group 
with respect to the control group for Symptoms Fever (p: 0000), Cough (p: 
0.000 ), Chills (p: 0.000) and Dyspnea (p: 0.0006). At day 14 in the symptoms 
that had not disappeared, the difference was very significant, decreasing its 
manifestations in the Experimental group (Table 2). 


For the VAS Scale, at the time of symptom manifestation, both groups 
reported the same subjective assessment of pain. When performing the 
same visual analogue comparison of pain in the control group and in the 
experimental group, it was found that all the items that make up the scale 
decreased significantly in this group with respect to the Control group on day 
7 ( p: 0,0000 ; p:0,0017). The only painful symptom that remained similar was 
low back pain (P: 0,9633). On day 14 post manifestation the difference was 
greater (p: 0.000 ; P: 0,0043 y P: 0,0067) (Table 3). 


When evaluating both groups (Control and Experimental), a difference was 
found for the values for the PC Reactive parameters (p: 0.0398) and Lactate 
DH (0.0422), the scores being higher for the experimental group; no difference 
was found in the rest of the parameters. When comparing the groups at 7 
days post-initial manifestation, only the Lymphocytes and Leukocytes showed 
no difference between groups (p» 0.05), the other parameters significantly 
decreased in the Experimental group with respect to the Control.( p:0,0001; 
p: 0,0036 ; p: 0,0403; p: 0,0194; p: 0,0003). At day 14, all the biochemical 
parameters had decreased significantly in the experimental group with respect 
to the Control group (p > 0,05). 
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Table 1: Result of the comparison of ihe Control Group versus the Experimental Group by means of a comparison of proportions test and their confidence intervals for General 
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Table 2: Result of the comparison of the Control Group versus the Experimental Group through a Wilcoxon - Mann — Whitney test (a: 95%) for the VAS Scale. 
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Table 3: Result of the comparison of the Control Group versus the Experimental Group through a Wilcoxon — Mann — Whitney test (a 95%) for Biochemical Parameters on the Likert 
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The disadvantages are the high susceptibility to biases, especially those 
of selection and confusion, so to reduce it, we used random probability 
sampling, numbering the patients who were diagnosed and treated, selecting 
odd-numbered patients for inclusion in the research; the sample of control 
patients were selected in the same way. 
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with a larger sample number, in particular double blind that would increase the 
cost significantly. On the other hand, it is the only way to carry out a study when 
there are ethical and feasibility problems to carry out a random assignment of 
the sample (Manterola et al), or when itis necessary to carry it out under natural 
conditions and in this case, due to manifest urgency. given the pandemic. 
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in percentage similar to 7 days, in particular reduction of sore throat by 100%, 
reduction of low back pain by almost 80%, results that reveal a significant 
improvement in morbidity in patients. 


In the initial stage of administration of chlorine dioxide, patients show 
improvement in their febrile symptoms, this could be attributed to its direct 
virucidal effect due to its action on the spike and on the virus RNA, through the 
mechanism that we explained above. Oxidation of amino acids and guanine of 
viral RNA. Additionally, patients begin to improve their sore throat, dry cough 
and dyspnea. This effect could be attributable to a direct anti-inflammatory 
action, possibly through an action on inflammasomes and it is even postulated 
that it may be possible due to action on NETosis processes, through a 
mechanism that has not yet been clearly elucidated and that we are in the 
process of developing investigate in detail. 


Although we did not include the oxygen saturation measurement 
variable by pulse oximetry in the parameters of this investigation, we did the 
measurement in all patients, observing a considerable improvement in some 
cases in oxygen saturation; being a consistent observation, this improvement 
could be explained by the action ofthe dioxide through the oxidative mechanism 
of amino acids of the virus "anchored" to the unitg1 of hemoglobin, improving 
oxygenation. We verified this mechanism as a possibility, in the research that 
we did in molecular biology through in silico simulation, in Japan, and it will be 
the subject of a future paper. In the same way, Pichert (2019) in his research 
suggests that chlorite interacts with the forms of hemoglobin and oxidized 
hemoglobin. Chlorite inactivates iron hemoglobin and methemoglobin. By 
these mechanisms, chlorite effectively decreases the yield of cytotoxic 
hemoglobin species that may appear later of excessive hemolysis of red blood 
cells in pathological situations. 


Likewise, in the laboratory of the Liechtensteiner Verein für Wissenschaft 
und Gesundheit in Switzerland we were able to verify the immediate 
oxygenation of erythrocytes, by injecting chlorine dioxide at a concentration of 
50 ppm to a sample of red blood cells with methemoglobinemia, using contrast 
microscopies. Phase and direct (Figure 8). 


An interesting characteristic when we observe the behavior of the reduction 
of thrombocytosis in the 21 days of treatment, is that there could be an action 
of dioxide on the rheological behavior of the blood, an idea that is reinforced 
with the evident decrease of D-dimer in treated patients with the dioxide. 


The lymphopenia observed in most patients could be due to a process 
that begins with disorganization of the cytoskeleton, condensation of chromatin 
and cytoplasm, loss of mitochondrial function, DNA fragmentation and terminal 
formation of ruptured membranes or apoptotic bodies, finally eliminated 
by macrophages. This phenomenon is mediated by the synthesis of the 
caspase-8 complex, which we consider could be activated by non-canonical 
means. The complex is favored by protein kinase-R, also accelerated by 
interferon generated in the presence of the virus. The signaling pathways 
that are activated by these receptors initiate an inflammatory response, with 
antiviral effects, 


The virus also activates the transforming growth factor-b through 
neuraminidase, thus generating another cascade that ends with c-Jun-N-kinase 
and triggers transcription followed by the expression of pro apoptosis genes. 
The virus could synthesize the virulence peptide PB1-F2, a small fragment 
responsible for destroying lymphocytes, a circumstance that could explain the 
lymphopenia observed in COVID19. The action could also be mediated by 
action on inflammasomes, where the signaling (redox) by ATP can induce the 
desubiquitination of NLRP3, possibly induced by chlorine dioxide. 


Regarding the increase in lactate, it is clear that it can be caused by 
dysfunction of the enzyme pyruvate dehydrogenase (PDH), as has been 
demonstrated in patients with sepsis, by mitochondrial dysfunction, or by 
hyperlactacidemia. The observed improvement could be explained through a 
mechanism in which chlorine dioxide has a cellular oxygenating effect directly 
through the release of oxygen or by redox signaling mechanisms with enzyme 
activation / inhibition that activate the pyruvate pathway with efficient ATP 
production. 
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Figure 8: Blood samples with methahemoglobinemy and with CIO,. 
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Figure 9: Variations in serum lactate before and 10 min after an IV clorine dioxide 
injection at 50 ppm. (A. Kalcker. SCHWEIZER VEREIN FUR NATURWISSENS 


CHAFTLICHE BIOPHYSIK). 
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Before injection with saline sol After injection with saline sol 


Figure 10: Lactate variations before and one hour after injection with saline sol. 


On the other hand, we chose not to use existing groups so as not to 
compromise the external validity and applicability ofthe results, Another inherent 
difficulty in our study is the risk of presenting a placebo effect and a Hawthorne 
effect, which we could not minimize given that, given the humanitarian crisis of 
the pandemic, we did not consider it ethical for the subjects to participate in the 
study without being informed of the intervention that would be applied to them 
(Molina and Ochoa, 2014). In fact, all participants signed an informed consent 
for the use of a drug or substance under investigation, in particular because 
chlorine dioxide has not yet complied with the corresponding process to be 
classified as a drug. 


Regarding the results and the possible explanations for them, the most 
important thing in the experimental group is the negativization of the RT-PCR 
in one hundred percent of the cases at seven days, as well as the rapid way 
in which the results are reduced. general symptoms in patients, in particular 
fever, cough, dyspnea, asthenia and general pain, which is achieved in 7096 
of cases seven days after treatment, a very marked reduction in VAS values 
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When we inject direct chlorine dioxide into the vein, the amount of lactate 
in the blood is reduced, as can be seen in the following graph which shows in a 
comparative way the level of lactate in the blood and after intravenous chlorine 
dioxide application.at 50 ppm at ten minutes post injection (Figure 9). 


In comparison, when administering normal saline solution via direct 
intravenous, and measuring the lactate levels, we observe that there is no 
variation in the lactate level (Figure 10). 


The data obtained in this research validates the effectiveness of chlorine 
dioxide in COVID19. This is the first phase lla clinical trial in the world. In 
this study there were no inconclusive results. The phase lla study design 
is appropriate for the research phase of a new molecule - such as chlorine 
dioxide - in its development as a potential drug. 


There is much to explore about chlorine dioxide and its therapeutic 
possibilities, about which there is enough reasonable information to continue 
to study further. 


The findings of this research open a complete world of possibilities for 
medical therapists in the world, as these initial results will motivate more formal 
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COVID19, and will allow the generation of research spaces at the molecular 
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The results can be extended to the control of infectious diseases in 
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and humans in general by alleviating and controlling COVID19 and other 
pandemics or epidemics that may occur in the short future. 


The results found here, rather than expanding previous studies, as it is 
a pilot study and the first of its kind in the world, enable the initiation of many 
studies on dioxide and the related issues noted. 
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In conclusion, we can affirm without a doubt, based on test of comparison 
of proportions and its confidence interval, as well as the paired tests where we 
used the Wilcoxon — Mann — Whitney test (o: 95%), that the data in most of 
the variables (P « 0.05) obtained indicate that chlorine dioxide is effective in 
the treatment of COVID19, making RT-PCR negative in one hundred percent 
of cases at 7 days, significantly and rapidly modifying the symptoms of the 
disease, significantly reducing laboratory parameters to normality within 14 
to 21 days. We recommend conducting randomized double-blind studies and 
delving into studies of toxicological safety and therapeutic efficacy of chlorine 
dioxide in pathologies of epidemiological impact in the near future. 
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1. INTRODUCCIÓN 


Antecedentes 

La reciente pandemia del Covid-19 conmocionó al mundo y ha cobrado miles de vidas, y como una 
de las consecuencias igualmente complicadas, la economía mundial se vio comprometida. Sin duda, 
este es un problema que requiere una solución urgente y el compromiso de todos, especialmente del 
personal de salud para la búsqueda de su pronta solución. 


Con el objetivo de identificar una solución para este problema y además basándose en las evidencias 
científicas ya publicadas y experiencias clínicas de utilización del dióxido de cloro (CIO?) por 
Médicos e Investigadores, hicimos una evaluación de las principales informaciones para apoyar 
nuestra propuesta de uso de la solución de dióxido de. cloro (CDS), “siguiendo. el protocolo 
estandarizado por Andreas Ludwig Kalcker como una alternativa segura y eficaz para combatir la. 
infección por SARS-COV2 (Kalcker 2017- 2020; Kalcker & Valladares 82020). a 


De enero a julio de 2020 se llevó a cabo una investigación. den revisión i sobre 7 uso o de dióxido de eee 





cloro en la literatura internacional indexada y como ejemplo, si analizamos solamente là página web. 
PubMed (National Library of Medicine 2020), observamos. que Sólo. utilizando. la descripción. 
"dióxido de cloro", tenemos disponible un total de 1. 372 documentos que datan de 7 hasta la 
fecha de la investigación en 2020 (Se muestra una a captura c de pantalla e en la Figura D 
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Figura 1 — Número de documentos encontrados con la descripción "dióxido de cloro" en la base de datos científica de 
PubMed. La primera flecha roja indica la descripción utilizado para la búsqueda y la segunda el número de documentos 
publicados encontrados el 24 de julio de 2020. 

Fuente: https://pubmed.ncbi.nlm.nih.gov/?term=chlorine+dioxide&sort=pubdate. 


Coalición Mundial Salud y Vida — info(9comusav.com CIF G-01707843 





٧ 


COALICIÓN MUNDIAL SALUD Y VIDA 





Otra fuente importante es la base de datos PubChem (Figura 2), en la cual es posible identificar 
informaciones bioquímicas y toxicológicas, entre otras y las patentes registradas (que también se 
pueden encontrar en Google Patents), entre las que destacan las siguientes: 

1) La patente sobre la desinfección de bolsas de sangre (Kross & Scheer, 1991); 

2) La patente sobre el VIH (Kuhne 1993); 

3) La patente para el tratamiento de enfermedades neurodegenerativas como la Esclerosis Lateral 
Amiotrófica (ELA), la enfermedad de Alzheimer y la Esclerosis Múltiple (McGrath MS 2011); 

4) La patente de Taiko Pharmaceutical (2014) para virus وو‎ incluyendo el coronavirus 
humano; 

5) La patente sobre un método y composición "for treating cancerous tumors" para tratar tumores 
cancerígenos (Howard 2018); 

6) La patente de composición farmacéutica para el tratamiento de la inflamación interna. (Kalcker 

LA, 2017); 02 2 o GSES 

7) La patente sobre la composición farmacéutica para el tratamiento de hi intoxicación i aguda 
(Kalcker LA, 2017); 111-55 تد 1 د‎ us RV ML 

8( La patente de un compuesto farmacéutico para elt tratamiento ) de enfermedades infecciosas T 0 
(Kalcker LA, 2017) y | D SAMEAUE qo, o XM D 
9) La patente sobre el uso de CDS para coronavirus tipo: 2 (Kalcker LA, 2020- - aún n pendiente de E 
publicación: /11136-CH وت رج ہی‎ pdf) 





National Librar of Medicine ۱ 
کا‎ 5e Cote n 4 eL Ate و‎ E 


Pub@hem Alu Ata subi. Contact Bp E de 


مہ رما 


. 6 dioxide umm Q, x 
: 
LM 


Trino thet 23 4 fint ومعم‎ us ae 
MEGAN EL Vat, r 


CHLORINE DIOXIDE Chtorine Prsoxide Chiotine Oxide (C1021 10049-04 4 Doxcde 50. Canwrel! No 179A Chloroiloxidanyt HSDE 517 
Compete AD 44616 

^U OO MN عق اع‎ 

سے ماقم و مه و Ax Keg CHIETI‏ 

Create Date 2¥ 3. ta 


ده دم oet Fie at Pee‏ ئا ters p‏ ر وہ وک 


Compounds Substances BloAsiar> Literature Patent: 
17 (a; 92 16! 11,353; 


Figura 2 — Nümero de documentos encontrados con. la descripción ' "chlorine dioxide" en Ja base de datos científica de : d ۱ ۸٠٠ 
PubChem. La primera flecha roja indica la descripción utilizado para. la búsqueda y la segunda eln número o de le documentos. B M ۳ و‎ 
publicados encontrados el 24 de julio de 2020. TAM p | 


Fuente: https://pubchem.ncbi.n]m.nih. govltquery=chlorine%20dioxide. | 


Por lo tanto, solamente con estos datos iniciales, constatamos que la investigación. alrededor del B 
CIO) no se trata de ninguna novedad, que se trata de una molécula química ya conocida desde hace 
más de 200 años y comercializada desde hace 70 años con diversas aplicaciones a saber: tratamiento 

del agua para el consumo humano, tratamiento del agua contaminada, para el control de biofilm en 

las torres de refrigeración y en el procesamiento de desinfección de alimentos y verduras. 
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Además, existen estudios preclínicos y clínicos realizados, así como estudios que nos permiten 
comprender sus características toxicológicas y de seguridad en especial para utilización por 
humanos (Lubbers et al 1984, Ma et al 2017). Por otro lado, verificamos que los ensaios clínicos y 
la aplicación de dióxido de cloro para la salud, aün necesita de más investigaciones. 


Un breve resumen sobre el dióxido de cloro 


La fórmula química del dióxido de cloro es CIO? y segün registro en Chemical Abstracts Services 

(CAS) from Chemical American Society su número CAS es 10049-04-4. En esta fórmula, está claro 

que hay un átomo de cloro (Cl) y dos átomos de oxígeno (O2) en una molécula de dióxido de cloro. 

Estos 3 átomos se mantienen unidos por electrones para formar la molécula de CIO». Es posible 
utilizarlo como gas saturado en agua destilada y, por lo tanto, puede beberse i 0 aplicarse. directamente 

en la piel y mucosas, con las diluciones adecuadas. "Andreas. Ludwig ‘Kalcker, Biofísico e. 
Investigador, estandarizó una saturación del gas en agua. destilada llamada solución de dióxido de PNE 
cloro o CDS (por su sigla en inglés, CDS: Chlorine Dioxide S Solution) (National Library of Medicine: E cae 
2020). | ۱ 


El descubrimiento de la molécula CIO» € en 1814, se s anibuye a al científico Sir مس‎ Davy. El- 

CIO» es diferente del elemento cloro (CD, tanto en su estructura química y molecular, como por su | 
comportamiento. El CIO», como ya ha sido reportado ampliamente, puede tener efectos tóxicos si 

no se observan los cuidados necesarios para sus diversos usos y nose respetan las recomendaciones Tw 
adecuadas para el consumo humano. Es más que conocido que el gas CIO» es tóxico para los seres —- ٦ 


humanos si se inhala puro y/o i ingiere e en n cantidades superiores a a las recomendadas (Lenntech 2020, i 
IFA 2020). | ۱ | ۱ 


El CIO» es uno de los biocidas más eficaces c contra a los patógenos, como las bacterias, los hongos, 

los virus, las biopelículas (biofilm) y otras especies de microorganismos que: pueden causar 
enfermedades. Actúa interrumpiendo la síntesis de las proteínas de la pared celular del patógeno. ۸1 3 
tratarse de un oxidante selectivo, su modo de acción. es. muy similar a la fagocitosis, en la que se. LN | 
utiliza un proceso de oxidación suave para eliminar. todo tipo de patógenos (Krogulec 2012, 17 a! ۱ 
Noszticzius et al 2013, Lenntech 2020). Vale decir que el CIO», generado por. el clorito’ de sodio 5 E 
(NaCIO»), es aprobado por la Agencia de Protección Ambiental en los Estados Unidos (EPA 2002) i ۱ i D : 
y por la Organización Mundial de la Salud para la utilización ¢ en n agua apta paras el consumo > humano, کت‎ 
ya que no deja residuos tóxicos (EPA 2000, WHO 2002). | 5 d 


Muchos siguen confundiendo el CIO» con el hipoclorito de wh (NaClO - Lejía) y este último con 
el clorito de sodio (NaClO2), además de otros compuestos químicos, lo que provoca frecuentes 
comentarios inapropiados tanto en los medios de comunicación como entre los profesionales por 
falta de conocimientos de química elemental. El NaCIO (lejía), por ejemplo, es un potente agente 
corrosivo y el peligro a la exposición crónica y masiva es bien conocido. Se cree que los síntomas 
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de asma desarrollados por los profesionales que trabajan en contacto con esa sustancia pueden 
deberse a la exposición continua a la lejía y otros irritantes. En contacto con las grasas, el hidróxido 
de sodio (NaOH) degrada los ácidos grasos en glicerol y jabones (sales de ácidos grasos), lo que 
reduce la tensión superficial de la interfaz grasa-solución restante. El NaCIO es responsable de la 
disolución del tejido orgánico. Así, se observa que la principal toxicidad de las sustancias generadas 
a partir de las reacciones químicas del hipoclorito de sodio es la aparición de un radical NAOH 
Hidroxilo, en las diversas reacciones con las secreciones y la estructura química de los tejidos 
humanos (Daniel et al 1990, Racioppi et al 1994; Estrela et al 2002, Medina-Ramon et al 2005, 
Fukuzaki 2006, Mohammadi 2008, Peck B et al 2011). 


Mediante las patentes científicas, pruebas de las publicaciones científicas disponibles que 
demuestran la eficacia del CIO? para eliminar diferentes patógenos (Kullai-Kály et al 2020, Kalcker 
2017-2020), incluido el SARS-CoV (Patente Taiko Pharmaceutical 2014), así como el trabajo que 
confirma la seguridad del uso del dióxido de cloro para la potabilización del. agua y, más 
recientemente, el trabajo mencionado de la AEMEMI, evaluamos positivamente. y. con gran 
potencial biocida el uso de la solución acuosa de. CIO; ol para combatir los “coronavirus - | 
(AEMEMI 2020, EPA 2000, OMS 2005, WHO 2000). | AA 


En este contexto, nos sorprende que las menciones m. que órganos. ene lea como > los Miniistérios : ۰ 
de la Salud, la OPS/OMS (2020), FDA )2020( y las Agencias reguladoras ylo las entidades sanitarias | 
no recomienden el uso de CIO» y todas, en lugar de recomendar, llaman la atención acerca de la E 


toxicidad y el peligro de ate: pero, en sus discursos, no indican claramente de qué forma y por cual ae. o 
vía de administración el CIO» es realmente tóxico. Sin embargo, todo : nos lleva a entender que se 





refieren a la forma pura y concentr ada de este gas y no. a la fórmula estandarizada por Kalcker: la 
solución acuosa de dióxido de cloro (CDS), a 3 .0 0 | | | 


De esta forma, para contribuir a aclarar los conceptos, invitamos ; a a todos los organismos o a 
que conozcan los trabajos de Andreas Kalcker con la solución : acuosa que contiene dióxido de cloro ۱ 
gaseoso (CDS). Ciertamente, después de: tener este. conocimiento, creemos. que definitivamente, 

estos organismos, que aprecian la salud, comprenderán naturalmente el potencial de esta solución 
para uso humano y a partir de entonces, podrán revisar sus documentos que pueden estar en 
desacuerdo con la realidad científica publicada ۷ las experiencias médicas actuales y tal vez puedan 
ofrecer esta información de manera más clara y asertiva en sus artículos publicados en los sitios web 
oficiales o incluso en sus documentos. Au | REL "٦ 


Por lo tanto, para ayudar a aclarar los conceptos, invitamos : a todos los organismos oficiales a 

conocer el trabajo y las patentes del Científico Andreas Ludwig Kalcker con la solución acuosa de 
dióxido de cloro (CDS). Ciertamente, después de tener este conocimiento, creemos que estos 
organismos, que aprecian la salud, comprenderán naturalmente el potencial de esta solución para el 
uso humano, y a partir de entonces podrán revisar sus documentos que pueden estar en desacuerdo 
con la realidad científica publicada y las experiencias médicas actuales y quizás puedan ofrecer esta 
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información de una manera más clara y asertiva en sus artículos publicados en los sitios oficiales o 
incluso en sus documentos. 


Con base a la información disonante e incoherente cuando se compara con lo que realmente se 
conoce sobre el CDS y su potencialidad es que nosotros, profesionales de la salud en la intención 
de dar respetuosamente nuestra contribución para que las instituciones rectoras de la salud revisen 
su documentación y directrices publicadas oficialmente para promover la información más clara y 
veraz sobre el uso, la eficacia y la seguridad del ClO2 para el consumo humano por vía oral (CDS), 
de acuerdo con lo normalizado por Kalcker (2020 - Sobre evaluación: /11136- 
CH Antrag auf Patenterteilung.pdf), compartimos a continuación un resumen de los hechos 
científicos clave y la evidencia de que el CDS es eficaz contra varios patógenos, incluyendo el 
coronavirus humano tipo 2, agente etiológico de SARS-COV2. Desafortunadamente, la forma como 
se difunde la información sobre CIO» genera dudas y sobre todo nos revela, a quienes entienden el 
tema bajo los aspectos científicos, que la desinformación وت‎ es s algo sorprendente. - m 


éQué es la Solución de Dióxido de Cloro ud ۷ cuáles: son n las diferencias c con oia Solución Mineral 1 a | 
Milagrosa (MMS)? Xu T 


Hace más de 13 años, Andreas Ludwig Kalcker i inició una a investigación científica para a estudiar la | 
aplicabilidad del CIO; y sus diluciones, de modo que pueda ser utilizado | con seguridad para el | 
consumó humano. En estos estudios, desarrolló 4 patentes, de las cuales 3 están publicadas y una a 
está pendiente de aprobación (Kalcker. 2017. -2020). Esos. estudios se basan: en los. niveles de 5 
toxicidad seguros establecidos por la base. de datos de toxicología Aleman GESTIS (IFA 2020), y : 
tienen en cuenta otros estudios científicos clásicos ya publicados y de referencia ya desarrollados, ES 1 
por ejemplo, por la OMS (2000, 2008) y y la EPA 0991 Estos estudios confirman lan no toxicidad | 
de este gas diluido en el agua potable. - DEW 3 


Mucho se ha dicho en los medios dec comunicación sobre el riesgo d consumo yde MMS y muy û a 

menudo se confunde con el CDS. Es. importante aclarar que el MMS es una solución prepar ada | 
mezclando unas pocas gotas de cada uno de los dos reactivos: clorito de sodio, por un lado, y un M S 
ácido que puede ser cítrico o clorhídrico, por otro. Esta mezcla se añade a un litro de agua, se coloca ~ on E 
en una botella, se sella y se consume por vía oral durante todo el día. El problema : de esta mezcla es du 

que ninguno de los reactivos es químicamente puro y ali ingerir esta mezcla de estos dos reactivos, MEO 
también se ingieren las impurezas de estos. Estas impurezas o. “subproductos | químicos pueden .. 2 = 
generar molestias como diarrea, vómitos y otros efectos secundarios que, aunque no son graves, sí c 
son irritantes, sobre todo cuando se bebe una dosis elevada de estos productos debido a la escasa B 
información que existe en el páblico en general, lo que, debido a la emergencia sanitaria al tratar de 

prevenir o tratar el COVID-19, lleva a no buscar consejo o consulta médica y a consumir productos 

que no han sido preparados bajo la supervisión de profesionales capacitados para su fabricación. 


Por otra parte, el otro compuesto conocido como solución acuosa de dióxido de cloro (CDS), sólo 
contiene dióxido de cloro disuelto en agua a una concentración de 3.000 ppm (mg/L) y no contiene 
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las impurezas contenidas en el preparado llamado MMS. En el caso del CDS, que es un compuesto 
extremadamente puro, durante su fabricación, las dos sustancias se colocan para que reaccionen en 
un recipiente que contiene otro pequeño contenedor en el que se produce la reacción química y a 
partir del cual se genera un gas de dióxido de cloro que saturará el agua del exterior de este 
recipiente. Es importante aclarar sin ninguna duda que el CDS no contiene absolutamente ningün 
clorito de sodio, ni ningún ácido. Otra forma de producir dióxido de cloro es por electrólisis, en la 
que no se utiliza ningún ácido. 


Según el procedimiento de su preparación, la solución de CDS contiene un alto grado de pureza, ya 
que sólo contiene dióxido de cloro disuelto en el agua. En resumen, el MMS contiene impurezas 
que pueden causar molestias cuando se ingiere, pero el dióxido de cloro en solución acuosa (CDS) 
contiene sólo gas de dióxido de cloro a una concentración de sólo 0,3 g/L disuelto en agua y del 
cual se considera que sólo se ingieren de 5 a 10 ml a lo largo del día, disuelto en un litro de agua 
fría. VE ES "LM — 


Esta gran diferencia permite que la solución de dióxido de cloro (CDS): sea | segura. y y altamente. 1 
tolerable de ingerir sin causar ninguna molestia . o sesgo Para: la salud, cuando. consumida x 
adecuadamente. دو‎ m Ia c «M Mm 


Se ha establecido que la dosis letal sería de 292 mgl (FA 2020). Por lo tanto, por x ejéinplo; el 1 
protocolo normalizado de Andreas Kalcker que consiste en el uso de 10 ml de. CDS a 3. 000 ppm, 2 
diluido en 1.000 ml de agua, está siendo utilizado con mucho éxito por. los: médicos en varios países | 
como uno de los protocolos para combatir el SARS- COV2. En esta recomendación específica, se 
permite el consumo máximo de 30 mg/día, dividido en 10 dosis de 100 mi, al final, lo que constituye 7۲ 
una dosis segura y no tóxica basada en referencias científicas reconocidas (Ma y otros 2017). En | 
otras palabras, esta cantidad equivale. a unà dosis. de 15 a 30 mg/día en pacientes adultos | con nun E 
peso medio de 60 kg, un valor que varía de 0, 25; a 0 50 E 0-8 


La controversia innecesaria y sus consecuencias. | 


Contextualizando el origen de la equivocada e controversia aque ha surgido sobre el tema del "dióxido TOR ۱ 
de cloro", es importante aclarar: pes Deus p 


Históricamente, un producto llamado "solución TNI milagrosa" (MMS) ha sido objeto. de: mucha. EO 
controversia en los medios de comunicación de todo el mundo porque se vende como ' "medicina". > 

A menudo vemos noticias en Internet que confunden la ' 'solución mineral milagrosa" (MMS = - ácido B 

cítrico + clorito de sodio + agua) con la "solución de dióxido de cloro" (CDS = gas dióxido de cloro 

+ agua) y esta última es confundida con hipoclorito de sodio (lejía). Las diferencias principales entre 

el MMS y el CDS pueden ser conferidas en la tabla 1: 
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Tabla 1 — Características generales que diferencia la solución mineral milagrosa (MMS) de la 
solución de dióxido de cloro (CDS). 


Características generales MMS CDS 
Concentración de ClO2 (parte por millón — Nose conoce 3.000 ppm 
ppm) 

PH Acido Neutro (7) 
Residuos Cloratos, cloruro Sin residuos 


Es muy preocupante ser testigo de las consecuencias y el impacto de la información publicada en 
disonancia con la realidad en un momento de emergencia de salud pública mundial, cuando la vida 
de muchas personas está en peligro. Por lo anterior, es urgente que todas las instituciones están 
alerta a través de la calificación previa de la información que se publica para que. no haya fallas en 

la traducción del conocimiento científico, generando así espacio para « dudas y: mala interpretaciones 

a través de los medios de comunicación, con serias conseci | icias i e influyendo ı ne at amente e en Ma. ۱ 
toma de decisiones de los gestores. Dr | Uu Ca T 






Si usáramos hipoclorito de sodio (NaCIO) con acido: clorhídiico e en vel: agua, ^d solución. contendría ©: a x 5 
Cl; + NaCl + H20. El Ch es un gas tóxico que 1 reaccion on sustancias orgánicas, principalmente - : uc 
en medios acuosos donde puede formar ácidos tóxicos. Aunque. tengamos claras las. diferencias ےھ‎ 
bioquímicas muy bien establecidas, 0000 $ siguen c confundiendo > algunas sustancias químicas con. 7 ۱ us 
el CIO» (Tabla 2): ie 7577 xut ۱ ب5‎ 

















Tabla 2: Resumen de las principales característica bioquímicas. del dióxido ۵ de doro: y 3 : : E E 
compuestos derivados. IUE کے | .و‎ A 





| "COMPUESTOS QUÍMICOS 





CARACTERISTI Perclorato de Clorato تي‎ | ^Clorito de. مو‎ ES de E “Cloro Dióxido de 2 : 
CAS sodio sodio ^ 7 ٢ Z ‘sodio; ~de sodio | A . sodio - ۱ DU Xue OOD. 
BIOQUÍMICAS 1-77 E 20 e | 
CE Oe C WR LC: XP تھے‎ 0705 LU E 
Estructura ۷۰ 'Na * || د‎ e و‎ el Na + O EA Ron gE ری‎ eee 





Fórmula química NaClOa NaClOs وتو‎ ۱ E Nacio EN + NaCl Ex AUC MUN 00 E 4 A 


a 709. 


Peso molecular 122.44 g/mol 106.44 g/mol 90.44 g/mol 74.44 g/mol ^ 58. 44 4 gimol. ES 67.45 g/mol 





Fuente: PubChem. Disponible en: https://pubchem.ncbi.ntm.nih.gov/*query=chlorine%20dioxide. 
Fecha de consulta: 24 de julio de 2020. 
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2. EFECTIVIDAD, SEGURIDAD Y TOXICIDAD DEL DIÓXIDO DE CLORO 


Acción frente a los virus 


La mayoría de los virus se comportan de manera similar porque, una vez que infectan la célula, el 
ácido nucleico del virus se hace cargo de la síntesis de las proteínas de la célula. Ciertos segmentos 
del ácido nucleico del virus son responsables de la replicación del material genético de la cápside, 
una estructura cuya función es proteger el genoma viral durante su transferencia de una célula a otra 
y ayudar en su transferencia entre las células huéspedes. Cuando el CIO? se encuentra con una célula 
infectada, se produce un proceso de desnaturalización muy similar a la fagocitosis porque es un 
oxidante selectivo (Noszticzius et al 2013). 


Estudios preclínicos 


Los estudios preclínicos que exploran la toxicidad del CIO? no o suelen encontrar efectos 2c MERC 

cuando los animales se exponen a diferentes concentraciones de este biocida. Aqui nos referiremos rad B 

a algunos de los más importantes. Ogata (2007) expuso 15 ratas a 0, 03 ppm de CIO; gaseoso durante. 5 

21 días. El examen microscópico de las muestras histopatológicas de los pulmones de estas ratas. 

mostró que sus pulmones eran "completamente normales". En otro. estudio preclínico, Ogata y 

colaboradores (2008) expusieron a ratas a-1 ppm de CIO; gaseoso durante 5 horas al día, 5 días ala 

semana por un período de 10 semanas. No- se observaron efectos adversos. Concluyeron que el | 
"nivel sin efectos adversos observados" (NOAEL). del dióxido de cloro gaseoso es de 1 ppm, un 

nivel que se cree que no es tóxico para los seres humanos y que "۳۷7 18 concentración 1 reportada " 

de 0,03 ppm para protegerse contra la infección del virus s de la 1 gripe.. ie i 


En estudios sobre ratas, Haller y Northgraves (1955) encontraron que e exposición : a a largo plazo (2 
años) a 10 ppm de dióxido de cloro no produce efectos adversos. Sin 8 70 las ratas 3 expuestas 
a 100 ppm mostraron un aumento de la tasa de mortalidad. 


Fridliand & Kagan (1971) informó de que insi ratas que consumieron por vía cil 10p ppm de solución dor 

de C102 durante 6 meses no tuvieron efectos adversos para la salud. Cuando. se aumentó la ۱ 5۹ 
exposición a 100 ppm, la única diferencia entre el grupo de tratamiento y el grupo de control fue un- ۱ E | 
aumento de peso más lento en el grupo de tratamiento. En un esfuerzo por simular el estilo de vida a4 
humano convencional, Akamatsu et al (2012) expusieron a las ratas al gas: de dióxido de cloro en 

una concentración de 0,05 - 0,1 ppm, Jas 24 horas del día y los 7 días. de la semana durante un 
período de 6 meses. Concluyeron que para las ratas la exposición de todo el cuerpo al dióxido de 

cloro gaseoso de hasta 0,1 ppm durante un período de 6 meses no es tóxica. 
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Dosis mayores de solución de CIO» (por ejemplo, 50-1.000 ppm) pueden producir cambios 
hematológicos en los animales, incluyendo la disminución del recuento de glóbulos rojos, 
metahemoglobinemia y anemia hemolítica. También se observaron niveles reducidos de tiroxina 
sérica en monos expuestos a 100 ppm en el agua potable y en crías de rata expuestas a 
concentraciones de hasta 100 ppm a través del gavage o indirectamente a través del agua potable de 
sus bebederos (US Department of health and human service, 2004). 


Moore & Calabrese (1982) estudió los efectos toxicológicos del CIO? en las ratas y observó que al 
exponer a las ratas a un nivel máximo de 100 ppm mediante el agua potable y ni las ratas A/J ni 
C57L/J mostraron ningün cambio hematológico. También se encontró que las ratas expuestas a hasta 
100 ppm de clorito de sodio (NaCIO?) en su agua potable durante un máximo de 120 días no podían 
demostrar ningún cambio histopatológico en la estructura de los riñones. 


Shi e Xie (1999) indicó que un valor agudo de LD50 oral (que se espera à fesulle « en 1 la Muerte del 
50% de los animales dosificados) para el dióxido de cloro estable era »10. 000 mg/kg en ratones. En . 
las ratas, los valores orales agudos de LD50 para el clorito de sodio (N aCIO)). oscilaron entre 105 y. | ۱ 
177 mg/kg (equivalente a 79-133 mg de clorito/kg) (Musil. et al 1964, Seta: et- al 1991. No se | 


observaron muertes relacionadas con la exposición en ratas que, recibieron dióxido de cloro: en 9 


agua potable durante 90 días a concentraciones que dieron lugar: a dosis de hasta aproximadamente. | 
11,5 mg/kg/día en los hombres y 14,9 mg/kg/día en las i s mujeres (anisl et et al 1990) i 


Estudios clínicos 


Segün la Agencia de Protección Ambiental de los Estados Unidos (EPA), la toxicidad a corto (o plazo E 
del CIO» fue evaluada en estudios realizados en seres humanos por ‘Lubbers et al (1981, 1982, 1984a 
y Lubbers & Bianchine 1984c). En el primer. estudio (Lubbers et al 1981, publicado también como . 
Lubbers y otros 1982), un grupo de 0 hombres adultos sanos bebió 1 .000. ml (divididos. en dos 

porciones de 500 ml, separadas por 4 horas) de una solución de 0 0 24 mg/L de dióxido de cloro 
(0,34 mg/kg, suponiendo un peso corporal de referencia de 70 kg). En el segundo estudio (Lubbers 
et al 1984a), grupos de 10 hombres adultos recibieron 500 ml de agua destilada que contenía 0 o 5 


mg/L de CIO» (0,04 mg /kg día suponiendo un peso corporal de referencia de 70 kg) durante. 2 مت‎ EC 


semanas. En ningün estudio se encontraron cambios fisiológicamente pertinentes enla salud general 5 


(observaciones y examen físico), los signos vitales (presión arterial, frecuencia. del pulso, frecuencia | a P E | 
respiratoria y temperatura corporal), los par ámetros químicos clínicos del suero (incluidos. los 





niveles de glucosa, nitrógeno ureico y fósforo), la fosfatasa alcalina, la: aspartato, la. alanina - | 
aminotransferasa, la triyodotironina sérica (13) y la tiroxina (T4), ni ilos parámetros hematológicos p 
(EPA, 2004). MM 7 


Michael et al (1981), Tuthill et al (1982) y Kanitz et al (1996) examinaron los efectos del agua 
potable desinfectada con CIO». Michael et al (1981) no encontró anomalías significativas en los 
parámetros hematológicos o en la química del suero. Tuthill y sus colaboradores (1982) compararon 
retrospectivamente los datos sobre la morbilidad y la mortalidad de los recién nacidos en dos 
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comunidades: una que utiliza cloro y otra que utiliza CIO» para purificar el agua. Al revisar este 
estudio, la EPA no encontró diferencias entre estas comunidades (US Department of Health and 
Human Service, 2004). 


Dos estudios realizados en la Escuela de Medicina de la Universidad Estatal de Ohio evaluaron la 
seguridad a corto plazo del ClOz en humanos. En el primer estudio, 10 varones adultos sanos 
bebieron 1.000 ml (divididos en dos porciones de 500 ml, separadas por 4 horas) de solución de 
CIO» 0 o 24 ppm. En el segundo estudio, grupos de 10 hombres adultos bebieron 500 ml de agua 
que contenía 0 o 5 ppm de CIO» durante 12 semanas. Ninguno de los estudios encontró ningün 
efecto adverso. 


Haag (1949) expuso a grupos de ratas a CIO» en el agua potable durante dos años a concentraciones 
que resultaron en dosis estimadas de 0,07, 0,13, 0,7, 1,3, o 13 mg/kg/día. Los resultados no indicaron 
diferencias significativas en la mortalidad entre el grupo de control y. el grupo t tratado hasta el nivel 
más alto de exposición probado. La supervivencia no disminuyó significativamente en los. grupos | 
de ratas expuestas al clorito (como el clorito de sodio) en el agua potable durante dos años a : 
concentraciones que dieron lugar a dosis estimadas de clorito de hasta 81 mg/kg/día. En otro estüdio, "a 


Kurokawa y otros (1986) observaron que la: supervivencia 1 no se veía afectada negativamente en 


ratas que recibian clorito de sodio en el agua potable en concentraciones que daban lugar a. dosis. | 
estimadas de clorito de hasta 32,1 me/kg/dia e en los machos y 40, 9 7 7 en las hembras": 


n 


La exposición de las ratas al clorito. de: sodio : ‘dorante | un ۱ perfodo- ue hasta: 85. semanas a b 


concentraciones que dan lugar a dosis estimadas de clorito de hasta 90 mg/kg/día n no ha afectado a 


la supervivencia (Kurokawa et al. 1986). 


Segün Lubbers et al 1981, no hubo signos E efectos hepáticos adversos (evaluados en pruebas de 
química sérica) en varones adultos que consumieron CIO»: en solución acuosa, lo que dio lugar a 
una dosis de aproximadamente 0, 34 mg/kg. o. en otros. varones adultos - que. consumieron | 
aproximadamente 0,04 mg/kg/día durante 12 semanas. Los mismos investigadores administraron 
clorito a hombres adultos sanos y no encontraron pruebas de efectos hepáticos adversos después de 


que cada individuo consumiera un total de 1.000 ml de una. solución que. contenía. 2,4 mg/L de : 7 | 
clorito (aproximadamente 0,068 mg/kg) en dos dosis. (separadas por 4 horas), o en otros hombres . u^ 


normales o con deficiencia de G6PD que consumieron aproximadamente O, 04 mg/kg/día durante . 
12 semanas (Lubbers et al 1984a, 1984b). No. se observaron. signos de deterioro de la fünción - 


hepática inducida por el CIO» o el clorito entre los habitantes: de las aldeas rurales. que. estuvieron - : 





expuestos durante 12 semanas a través del CIO» en el: agua potable 3 concentraciones semanales 
medidas de 0,25 a 1,11 mg/L (C102) o de 3,19 a 6,96 mg/L (clorito) (Michael et al 1981): En este 
estudio epidemiológico, los niveles de CIO» en el agua potable antes y después del período de 
tratamiento fueron <0,05 mg/L. El nivel de clorito en el agua potable era de 0,32 mg/L antes del 
tratamiento con CIO». A la semana y a las dos semanas de suspender el tratamiento, los niveles de 
clorito cayeron a 1,4 y 0,5 mg/L, respectivamente. 
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En su documento oficial titulado "Manual de bioseguridad en el laboratorio" (página 93), la OMS 
(2005) habla sobre el CIO: 


“El dióxido de cloro (ClO5) es un poderoso germicida, desinfectante y oxidante de acción rápida 
que suele tener actividad en concentraciones inferiores a las necesarias en el caso del cloro 
blanqueador. La forma gaseosa es inestable y se descompone en gas cloro (Ch) y gas oxígeno (O»), 
produciendo calor. Sin embargo, el ClO» es soluble en agua y estable en solución acuosa. 

Se puede obtener de dos maneras: 

1) Por generación in situ, mezclando dos componentes diferentes, el ácido clorhídrico (HCl) y el 
clorito de sodio (NaCIO»), o 

(2) ordenando la forma estabilizada, que se activa en el laboratorio cuando es necesario. 

El CIO» es el más selectivo de los biocidas oxidantes. El ozono y el cloro son mucho más reactivos 
que el CIO» y son consumidos por la mayoría de los compuestos orgánicos, Por el contrario, el 
CIO» sólo reacciona con compuestos de azufre reducidos, aminas secundarias y. terciarias y otros 
compuestos orgánicos muy reducidos y reactivos. Por lo tanto, con el: CIO» se puede. obtener un 
residuo más estable en dosis mucho más bajas 6 cuando . se. utiliza cloro u 02000: Si se genera. | 
correctamente, el CIO», debido a su selectividad, puede. ser utilizador más eficazmente que elc ozono 7 
o el cloro en casos de mayor carga de materia 2 orgánica”. | | 


Sobre la base de la Estrategia de la OMS sobre la medicina tradicional 2014- 2023 (OMS 2013), 0 que | 
reconoce las prácticas relacionadas con la medicina tradicional, complementaria e integradora o "no 
convencional" como una parte importante de lòs servicios «de salud, a fin de integrarlas A 


continuamente con los diversos países miembros signatarios de esta iniciativa, ponemos. aquí el — 


potencial de la solución acuosa de CIO» (Kalcker 2017) como potente. biocida y; por lo tanto, como 
una alternativa complementaria segura para « combatir el SARS- CoV2. El CIO; puede combatir los. 


virus mediante el proceso de oxidación. selectiva a través de la desnaturalización de las proteínas de 


la cápside y la posterior oxidación del material genético del virus, dejándolo inactivo. Como no hay | 
una posible adaptación del virus al proceso de oxidación, es imposible que desarrolle resistencia al 
CIO», se convierte en un tratamiento prometedor para cualquier cepa: de: virus. 


Toxicidad 


La toxicidad LD50 (índice de toxicidad aguda) establecida por ۳ base 4 datos de ill 5 
alemana GESTIS para el CIO» es de 292 mg por kilogramo durante 14 días, cuando el equivalente 


en un adulto de 60 kg sería de 18.000 mg durante 14 días (IFA 2020). De acuerdo con el x 





Departamento de Salud y Servicios Humanos de los Estados. Unidos el CIO» actúa rápidamente 
cuando entra en el cuerpo humano y el CIO» se transforma rápidamente en iones de cloruro, que a 
su vez se descomponen en iones de cloruro. El cuerpo utiliza estos iones para su fisiología. Estos 
iones de cloruro salen del cuerpo en horas o días, principalmente a través de la orina (EPA 1999). 
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Ma et al (2017) evaluaron la eficacia y la seguridad de una solución acuosa de CIO? que contenía 
2.000 ppm. La actividad antimicrobiana fue del 98,2% en concentraciones de entre 5 y 20 ppm para 
las bacterias fúngicas y los virus HINI. En una prueba de toxicidad por inhalación, 20 ppm de CIO» 
durante 24h no mostró ninguna anomalía en los síntomas clínicos y/o en el funcionamiento de los 
pulmones y otros órganos. Una concentración de CLO» de hasta 40 ppm en el agua potable no 
mostró ninguna toxicidad oral subcrónica. 


Taylor y Pfohl, 1985; Toth y otros, (1990), Orme y otros, 1985; Taylor y Pfohl, 1985; Mobley y 

otros, (1990) estudiaron la toxicidad del dióxido de cloro, en varios órganos del cuerpo, en diferentes 

etapas de desarrollo de los especímenes animales estudiados, y comunicaron un Nivel de Efectos 
Adversos Observados Mínimos (LOAEL) para estos efectos de 14 mg kg-1 012-1 de dióxido de 

cloro. Mientras que Orme, y otros (1985) identificaron un Nivel de Efectos Adversos No 
Observados (NOAEL) de 3 mg kg-1 día-1. La experiencia clínica de los médicos de América Latina, 

durante los últimos seis meses, sugiere que la ingestión de 30 mg : al día de dióxido de cloro disuelto 

en un litro de agua, e ingerido distribuido en diez tomas a lo largo del día como. un tratamiento . 
exitoso para el COVID-19, que está 6 veces por debajo. de la dosis considerada como NOAEL. Por : 5 
lo tanto, la revisión de la literatura confirma que el uso de dióxido de cloro ingerido a una. dosis de. : : : | 
0,50 mg por kg por día no representa un riesgo de toxicidad pata la salud humana uer ingestión, Y 20 
sí representa un tratamiento muy ت0‎ para COVID- 19; ۱ 


3. HECHOS LEGALES Y DERECHOS HUI -— -M 


Los avances y descubrimientos científicos 1 son constantes, y: en a ámbitó de la د‎ salud, el pronto - 

acceso a los mismos por el personal sanitario y los pacientes se vuelve primordial y apremiante, و کی‎ 
siendo lógico y obligado, por puro sentido humanitario : y conforme al rigor científico, probar con € m مَ‎ 
sustancias como el Dióxido de Cloro (CIO») del que hay. evidencia demostrada de. su eficacia y. 

utilidad. En la historia de la medicina ha sido constante la supremacía del criterio del' 'Tecurso ہت‎ 
compasivo" frente al criterio del ' ‘recurso بے و‎ contrastado”. pr M | 


El art.? 32 y 37 de la Declaración de Helsinki de 1964 ; así ílo ie en elc caso de «Intervención HEX. > 
No Comprobada» (INC), "Cuando en la atención de un paciente las intervenciones probadas no . | : = | 
existen u otras intervenciones conocidas han resultado ineficaces, el médico, después. de ‘pedir. A ys 2 A 
consejo de experto, con el consentimiento informado del paciente o de un representante legal ME E 
autorizado, puede permitirse usar intervenciones no comprobadas, sia su juicio, ello da alguna o 
esperanza de salvar la vida, restituir la salud o aliviar el sufrimiento". | | 


Los médicos, conforme a la declaración de Ginebra de 1948, ante pacientes cuya salud y vida están 
en peligro , tienen la obligación de usar todos los medios y productos de que dispongan, que ofrezcan 
indicios de efectividad y en mayor medida ante una emergencia médica, ya que conforme al deber 
de fraternidad y ayuda humanitaria no puede limitarse ni negarse el uso del Dióxido de Cloro (C1O?), 
cuya no toxicidad ha sido documentada y cuya eficacia y seguridad ha sido demostrada en los 
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estudios y prácticas llevadas a cabo en diferentes países. En la misma medida los Estados, 
Instituciones y Organizaciones no pueden restringir ni impedir su uso ante las evidencias clínicas 
existentes, pues de lo contrario incumplirían las obligaciones asumidas en los textos internacionales 
y nacionales, incurriendo en la vulneración de derechos fundamentales como el derecho a la vida y 
a la salud, así como del derecho de autodeterminación del paciente y autonomía profesional e 
independencia clínica. 


Conforme a lo expuesto, el ejercicio de la profesión médica implica una vocación de servicio a la 
humanidad, siendo su mayor preocupación la salud y la vida del paciente, debiendo velar por el 
beneficio de los intereses de los ciudadanos, poniendo a su disposición los conocimientos médicos 
en el marco de la autonomía profesional e independencia clínica. En el marco legal actualmente 
existente, plenamente aplicable y exigible, la profesión médica debe disponer de libertad profesional 
sin interferencias en la atención y tratamiento de los pacientes, al ostentar el p de usar su 
juicio y discreción profesional para tomar las decisiones CUIUS y éticas 1 necesarias. | 


A los médicos se les confiere legalmente un alto grado. Sel autonomía. a profesional « e independencia ^ Y: 
clínica, por lo que pueden hacer recomendaciones. basadas en sus conocimientos y. experiencia, NN 
evidencia clínica y comprensión holística de los pacientes, incluido lo mej Of para ellos sininfluencia + 
externa indebida o inapropiada, y tomar medidas apropiadas phi asegurar que; sistemas eficaces 23 
estén implementados. eS 


nam da dr 


Todo paciente tiene derecho a ser atendido por un médico: que. a sepa que tiene libertad para. dar A ES : 
una opinion clinica y ética, sin ninguna interferencia. exterior. El paciente: tiene derecho a la 6 | 
autodeterminación y a tomar decisiones libremente con rélación a su persona. Los pacientes en el. E 

libre ejercicio de su derecho a la autonomía tienen derecho. a disponer de su cuerpo. debiendo. ES 1 
respetarse sus decisiones, estando plenamente amparado. para impedir que 1 terceros intervengan en. ۱ ۰. 
su cuerpo sin su consentimiento, debiendo ser informado adecuadamente sobre la finalidad û de la E 
intervención, la naturaleza, sus riesgos y consecuencias. | | | | 


E] derecho a la salud requiere que los gobiernos cumplan con 1 las obligaciones q que s tienen asumidas l a 
en los referidos pactos, para que los bienes: y servicios de salud estén disponibles: en cantidad cw ۱ 
suficiente, con acceso püblico, y de buena calidad, conforme. a lo dispuesto en da ت وتوو‎ de 
General 14 del Comité del Pacto de Derechos Económicos, Sociales y Culturales. Dr E 


Todo ello amparado en las disposiciones que se relacionan y cuyos contenidos esenciales se el 7 
extractan a continuación; | | m ا‎ ES i. ho ۳ 
- Declaración Universal de Derechos Humanos, de 10 de diciembre de 1948. 
- Declaración americana de los derechos y deberes del hombre, Bogotá, 1948. 
- Convención Americana sobre Derechos Humanos, San José (Costa Rica), del 7 al 22 de 
noviembre 1969, 


- Pacto Internacional de derechos económicos, sociales y culturales de 16 de diciembre de 
1966. 
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El Convenio para la Protección de los Derechos Humanos y de las Libertades 
Fundamentales, Roma 4 de noviembre 1950. 
- Pacto Internacional de derechos Civiles y Políticos de 16 de diciembre de 1966. 
- Convenio para la protección de los derechos humanos y la dignidad del ser humano con 
respecto a las aplicaciones de la Biología y la Medicina del 4 de abril de 1997, convenio de 
Oviedo. 
- Código de ética de Nuremberg del 19 de agosto de 1947. 
- Declaración de Ginebra de 1948. 
- Código internacional de ética médica de octubre de 1949. 
- Declaración de Helsinki adoptada por la 187 Asamblea Médica Mundial de 1964. 
- Informe Belmont del 18 de abril de 1979. 
- Declaración de Lisboa de la AMM sobre los Derechos del Paciente de 1981. 
- Declaración de la AMM sobre la Independencia y ird a del Médico de 
1986. 117 IC AA equ N 
- Declaración de Madrid de la AMM sobre El Autonomía y | Autorregulación profesionales. 
de 1987. a T E aT 
- Declaración de Seúl de la AMM سی‎ la Autonomía Profesional y la a Independencia C Clínica 
de 2008. CET NE aer | 7 RS a 
- Declaración de Madrid de la AMM sobie s Regulación P Profesional 1 2009. 
- Declaración de la AMM sobre la relación entré el derecho y y la. ética de 2003. 
- Declaración Universal sobre Bioética | Derechos. Humanos ide] la UNESCO ¢ de 2005. 
- Reglamento Sanitario Internacional de 2005. p | e 


El Pacto Internacional de derechos económicos, ‘sociales y culturales del 16 5 de diciembre de 1966, firmado 

por Ecuador el 24 de setiembre de 1968 y. ratificado el 11 de j junio, de 2010, reconoce el derecho de toda 

persona al disfrute del más alto nivel posible. de salud fisica ۷ mental; 2ھ‎ "1, Los Estados Parte en el o 
presente Pacto reconocen el derecho de toda persona al disfrute del más alto nivel posible de salud física y : | ۲ 
mental. "y el deber de proteger este derecho por el estado por un sistema global dea atención sanitaria, ,que MM : 
esté a disposición de todos, sin discriminación my: económicamente accesible art? 9 2 LES | زو‎ 


1. "Cada uno de los Estados Parte e en e presente Pacto s se e compromete a adoptar medidas, tanto ٦ 
por separado como mediante la asistencia y la cooperación: internacionales, especialmente ۳ 2 
económicas y técnicas, hasta el máximo. de los: recursos de que: disponga, para. lograr NS 
progresivamente, por todos los medios apropiados, inclusive en particular la adopción d de medidas 7 
legislativas, la plena efectividad de los derechos. aquí reconocidos." | | 2 d i 


El Código internacional de ética médica de octubre do 1949, 1 para و‎ se o hagan efectivos entre otros | 
el art.? 36 y 59 del referido texto; | 


- Artículo 36 del capítulo VII relativo a la atención médica al final de vida. 
"1. El médico tiene el deber de intentar la curación o la mejoría del paciente, siempre que 
sea posible. Cuando ya no lo es, permanece la obligación de aplicar las medidas adecuadas 
para conseguir su bienestar, aun cuando de ello pueda derivarse un acortamiento de la vida. 
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2. El médico no debe emprender o continuar acciones diagnósticas o terapéuticas 
perjudiciales para el enfermo, sin esperanza de beneficios, inutiles u obstinadas. Debe 
retirar, ajustar o no instaurar un tratamiento cuando el pronóstico limitado así lo aconseja. 
Debe adecuar las pruebas diagnósticas y las medidas terapéuticas y de sostén a la situación 
clínica del paciente. Debe evitar la futilidad, tanto cuantitativa como cualitativa. 

3. El médico, tras una adecuada información al paciente, debe tener en cuenta su voluntad 
de rechazar cualquier procedimiento, incluso los tratamientos dirigidos a prolongar la vida. 
4. Cuando el estado del paciente no le permite tomar decisiones, el médico debe tener en 
consideración, por orden de preferencia, las indicaciones anteriormente hechas por el 
enfermo, las instrucciones previas y la opinión del paciente en voz de sus representantes. Es 
deber del médico colaborar con las personas que tengan la misión de garantizar el 
cumplimiento de las voluntades del paciente" 
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- Artículo 59 del Capítulo XIV relativo a investigación médica; . 


"1. La investigación médica es necesaria 6 el avance 1 la medicina; siendo: un | bien 

social que debe ser fomentado y alentado. La investigación: con seres humanos debe | 
realizarse cuando el avance científico. no sea posible. por. otros medios alternativos de i 

eficacia comparable o en aquellas fases. de la investigación en las que sea imprescindible. | 
2.- El médico investigador debe adoptar. todas las precauciones posibles para preservar la ۱ 
integridad física y psíquica de los sujetos de investigación. Debe tener especial cuidado en 
la protección de los individuos pertenecientes: a. colectivos. vulnerables. El bien del ser 
humano que participe en una. "ھ7‎ biomédica debe prevalecer sobre los intereses. 
de la sociedad y de la ciencia. سم د‎ ES E | > y D ee 

3.- El respeto por el sujeto de investigación es el. principio. rector de la misma. Se deberá 7 


obtener siempre su consentimiento explícito. La información deberá contener, al menos: la 


naturaleza y finalidad de la. investigación, los. objetivos, los. métodos, los. beneficios ۱ 
previstos, así como los potenciales riesgos e incomodidades que: le puede ocasionar Su. 
participación. También debe. ser informado de su derecho à no participar. o. a retirarse 
libremente en cualquier momento de la investigación, sin resultar perjudicado por ello. 

4.- El médico investigador tiene el deber de publicar los resultados de su investigación por 


los cauces normales de divulgación científica, tanto. si son favorables como si no lo: son. QNO: ce EN 
es ética la manipulación o la ocultación de datos, "yis sea para obtener beneficios personales - 254 





o de grupo, o por motivos — 


La Declaración de Lisboa de la AMM sobre dos Derechos del Paciente dé 1981, "Todo وی"(‎ 17 M 


tiene derecho a ser atendido por un médico que él sepa quei tiene libertad. paras dar u una Opinión | 
Clínica y ética, sin ninguna interferencia exterior. | ۱ 


El paciente tiene derecho a la 011 y a tomar décistories libremente con 
relación a su persona. El médico informará al paciente las consecuencias de su decisión. 

El paciente adulto mentalmente competente tiene derecho a dar o negar su consentimiento 
para cualquier examen, diagnóstico o terapia. El paciente tiene derecho a la información 
necesaria para tomar sus decisiones. Fl paciente debe entender claramente cuál es el 
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propósito de todo examen o tratamiento y cuáles son las consecuencias de no dar su 
consentimiento" 


La Declaración de la AMM sobre la Independencia y Libertad Profesional del Médico de 
1986, conforme al cual; "Los médicos deben gozar de una libertad profesional que les 
permita atender a sus pacientes sin interferencias. El privilegio del médico de usar su juicio 
y discreción profesional para tomar las decisiones clínicas y éticas necesarias para la 
atención y tratamiento de sus pacientes debe ser mantenido y defendido. Al garantizar la 
independencia y la libertad profesional para que el médico ejerza la medicina, la comunidad 
asegura la mejor atención médica para sus ciudadanos, lo cual, a su vez, contribuye a una 
sociedad fuerte y segura." 


La Declaración de Madrid de la AMM sobre Regulación Profesional de 2009, reafirma la 
Declaración de Seúl sobre la autonomía profesional y la independencia Clínica de los médicos al 
disponer "A los médicos se les confiere un alto grado. de autonomía. profesional 6 independencia 


clínica, por lo que pueden hacer recomendaciones: basadas. en Sus 'conocimientos y experiencia, 5 


evidencia clínica y comprensión holística de. los Pacientes, incluido lo map para ellos sin. E 
influencia externa indebida o inapropiada." تر‎ O S SEE S اه خر ني د‎ 
Los principios universales que 5 toda normativa à debên cumplir c con d respeto de las leyes 
humanitarias innatas en el inconsciente colectivo, como queda recogido | en la máxima del juramento : 
hipocrático "MANTENER el mayor respeto por la vida humana. desde Sus comienzos, aun bajo 
amenazas, y no utilizar los conocimientos médicos en. contra de las leyes de la humanidad: z Los 
valores éticos tienen primacía sobre. las disposiciones legales limitantes. como bien reconoce la 


Declaración de la AMM sobre la relación entre el derecho y la ética de 2003, 12 cual dispone 20 


"Cuando la legislación y la ética médica. se. encuentran en conflicto, los médicos deben tratar de — 
hacer cambiar la legislación. Si se produce este e conflicto, las  r'esponsabilidades é éticas prevalecen E 
sobre las obligaciones legales." ۱ را‎ uie A 
Cuando un paciente ante una enfermedad busque alivio 0 salvar si su i vidas y solicita probar u una opción 
terapéutica de la cual hay indicios de utilidad, como ocurre con el Dióxido de Cloro (CIO»), es deber | 
del médico apoyar al paciente, adquirir conocimiento, hacer estudios, y divulgarlo de acuerdo con i 


el art.° 27 de la Declaración Universal de Derechos humanos de 1948, para qué todos se beneficien E ۱ ۱ 
del progreso científico debe compartirse libremente la información para que se difundan. en todos ned - 


los países sin restricciones, "Toda persona tiene derecho à tomar parte libremente en la vida. 


cultural de la comunidad, a gozar de las artes ۸ 0 ۱ participar en el progreso científico y en los. NC ۱ 





beneficios que de él resulten." 
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4. CONSIDERACIONES FINALES 


En vista del momento histórico que enfrenta toda la humanidad con la pandemia de Coronavirus y 
la urgente necesidad de salvar vidas, los recientes acontecimientos relacionados con el tratamiento 
de COVID-19 tanto en el ámbito médico como en el académico, y especialmente el objeto de este 
documento, que es proporcionar a las autoridades la información correcta sobre el dióxido de cloro 
para un uso humano correcto y seguro, vale la pena considerar algunas criterios fundamentales 
relacionadas con los derechos humanos y la práctica médica para la reflexión: 


La adhesión a cualquier tratamiento depende del acuerdo y la colaboración tácita entre las 
partes: el médico y el paciente (o su tutor cuando se encuentre en condiciones especiales que 
no permitan una elección consciente de la intervención médica, por ejemplo, situaciones de 
pérdida de memoria, inconsciencia inducida o por trauma, en nifios/nifias). Este es un 
acuerdo libre y espontáneo; 


Basándose en su experiencia clínica, el médico tiene la libertad de prescribir lo que considere | Vo 
apropiado para el paciente, comunicando siempre la forma correcta de utilizar un e 
medicamento, los posibles beneficios y riesgos de una intervención terapéutica. Por otra ` ; 
parte, el paciente, sobre la base de las explicaciones dadas, las creencias personales y la A 


información complementaria, también tiene la libertad de aceptar o no cualquier forma de 
tratamiento indicado; | 


La práctica médica siempre debe basarse, siempre que sea posible, en datos científicos que 
apoyen las conductas diagnósticas y terapéuticas que se empleen. Sin embargo, en 
situaciones en las que no se dispone de pruebas científicas, o éstas no son fiables, 


corresponde al Doctor utilizar sus conocimientos, su experiencia previa y su sentido común. - 


para conducir la situación clínica de la manera que le parezca más apropiada. En este caso, 
es importante que el médico le pida al paciente que firme un Término de Consentimiento 
Libre e Informado (TCLI). Para esta conducta, el Doctor se apoya en la Declaración de 
Helsinki (Art.? 37) que nos dice: 


"En el tratamiento de un paciente individual, cuando se establece que no ha habido | 


ninguna intervención u otras intervenciones conocidas que hayan sido ineficaces, el : E 27 p 
médico, tras solicitar el asesoramiento de expertos, con el consentimiento informado 3 3 

del paciente o de un representante autorizado, puede utilizar una intervención no i E ۱ 
probada si, a juicio del médico, ofrece la esperanza de salvar vidas, restablecer la 


salud o aliviar el sufrimiento. Esta intervención debería ser objeto de investigación 
para evaluar su seguridad y eficacia. En todos los casos, la nueva información debe 
registrarse y, cuando proceda, ponerse a disposición del püblico " 
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Y Respetando los aspectos mencionados, no podemos subestimar el hecho de que aún no hay 
suficiente evidencia en la literatura científica que indique el uso de los CDS para la profilaxis 
o para el tratamiento etiológico de los casos de COVID-19 de cualquier gravedad, pero sí 
disponemos, por ejemplo, del informe técnico de los médicos de AEMEMI constatando una 
eficacia del 97% en el tratamiento de pacientes con COVID-19 durante 4 días en 
Guayaquil/Ecuador (AEMEMI 2020). Cabe mencionar que hasta el momento aun seguimos 
con dificultades para aprobación de los ensayos clínicos y hasta el momento, aün no ha 
podido comenzar investigaciones en muchos países porque las instituciones reguladoras 
están trasladando el mensaje equivocado al considerar que el dióxido de cloro es tóxico; 


v En el caso concreto del CIO», la información y las pruebas clínicas actualmente disponibles 
apuntan a la eficacia de esta sustancia luchando contra el coronavirus a ejemplo, el estudio 


observacional disponibilizado por el grupo de Médicos de AEMEMI (2020). 


En resumen: 


e En vista de lo anterior, sobre la base de las pruebas presentadas a aquí con n evidente experiencia. | 
por parte de Científicos y Profesionales de la Salud, así como ya quéda bien demostrado en. - 


artículos científicos ya publicados, recomendamos el uso de la solución de dióxido de. cloro: = 


(CDS) de acuerdo con lo estandarizado por Andreas Ludwig Kalcker (2017), debidamente | 
diluido y por lo tanto, respetándose las dosis seguras de lo que ya se conoce como Seguro ۔‎ 


según los estudios de toxicidad, que según relatos de médicos de varios países | ha demostrado p 


ser segura para el consumo humano y además eficaz contra el COVID- 19 cuando se consume ۱ 
correctamente siguiendo los protocolos normalizados internacionalmente. TE. 


Como ejemplo del uso consciente y compasivo del dióxido dé doi (CDS), podemos citar el Estado | 
Plurinacional de Bolivia, después de un proceso prolongado de debate y resolución. en el marco del | 
ejercicio de Derechos Humanos y en el marco de la Ley de Participación y Control Social, la 

población ha demandado a través de sus. representantes asambleístas departamentales y nacionales 
la Ley que permita la autorización de la producción, distribución con control de calidad y uso 


compasivo de la solución acuosa del dióxido 5 cloro (CDS), a estandarizado por Andreas as ius 





Ludwig Kalcker. 
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132 STAT. 1372 PUBLIC LAW 115-176—MAY 30, 2018 


Public Law 115—176 
115th Congress 
An Act 


To authorize the use of unapproved medical products by patients diagnosed with 
a terminal illness in accordance with State law, and for other purposes. 


Be it enacted by the Senate and House of Representatives of 
the United States of Ámerica in Congress assembled, 


SECTION 1. SHORT TITLE. 


This Act may be cited as the “Trickett Wendler, Frank 
Mongiello, Jordan McLinn, and Matthew Bellina Right to Try Act 
of 2017”. 


SEC. 2. USE OF UNAPPROVED INVESTIGATIONAL DRUGS BY PATIENTS 
DIAGNOSED WITH A TERMINAL ILLNESS. 


(a) IN GENERAL.—Chapter V of the Federal Food, Drug, and 
Cosmetic Act is amended by inserting after section 561A (21 U.S.C. 
360bbb-0) the following: 


“SEC. 561B. INVESTIGATIONAL DRUGS FOR USE BY ELIGIBLE 
PATIENTS. 


“(a) DEFINITIONS.—For purposes of this section— 
“(1) the term ‘eligible patient’ means a patient— 

“(A) who has been diagnosed with a life-threatening 
disease or condition (as defined in section 312.81 of title 
21, Code of Federal Regulations (or any successor regula- 
tions)); 

“(B) who has exhausted approved treatment options 
and is unable to participate in a clinical trial involving 
is eligible investigational drug, as certified by a physician, 
who— 

“G) is in good standing with the physician's 
licensing organization or board; and 
“(11) will not be compensated directly by the manu- 
facturer for so certifying; and 

“(C) who has provided to the treating physician written 
informed consent regarding the eligible investigational 
drug, or, as applicable, on whose behalf a legally authorized 
representative of the patient has provided such consent; 
“(2) the term ‘eligible investigational drug’ means an inves- 

tigational drug (as such term is used in section 561)— 

“(A) for which a Phase 1 clinical trial has been com- 
pleted; 

“(B) that has not been approved or licensed for any 
use under section 505 of this Act or section 351 of the 
Public Health Service Act; 
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“(C)G) for which an application has been filed under 
section 505(b) of this Act or section 351(a) of the Public 
Health Service Act; or 

^11) that is under investigation in a clinical trial that— 

“ID is intended to form the primary basis of a 
claim of effectiveness in support of approval or licen- 
sure under section 505 of this Act or section 351 of 
the Public Health Service Act; and 

“(II) is the subject of an active investigational new 
drug application under section 505(i) of this Act or 
section 351(a)(3) of the Public Health Service Act, as 
applicable; and 

^D) the active development or production of which 
is ongoing and has not been discontinued by the manufac- 
turer or placed on clinical hold under section 505(1) and 
“(3) the term “phase 1 trial’ means a phase 1 clinical inves- 

tigation of a drug as described in section 312.21 of title 21, 

Code of Federal Regulations (or any successor regulations). 

“(b) EXEMPTIONS.—Eligible investigational drugs provided to 
eligible patients in compliance with this section are exempt from 
sections 502(f) 503(b)(4), 505(a), and 505() of this Act, section 
3ol(a) of the Public Health Service Act, and parts 50, 56, and 
312 of title 21, Code of Federal Regulations (or any successor 
regulations), provided that the sponsor of such eligible investiga- 
tional drug or any person who manufactures, distributes, prescribes, 
dispenses, introduces or delivers for introduction into interstate 
commerce, or provides to an eligible patient an eligible investiga- 
tional drug pursuant to this section is in compliance with the 
applicable requirements set forth in sections 312.6, 312.7, and 
312.8(d)(1) of title 21, Code of Federal Regulations (or any successor 
regulations) that apply to investigational drugs. 

“(c) USE OF CLINICAL OUTCOMES.— 

“(1) IN GENERAL.—Notwithstanding any other provision of 
this Act, the Public Health Service Act, or any other provision 
of Federal law, the Secretary may not use a clinical outcome 
associated with the use of an eligible investigational drug 
pursuant to this section to delay or adversely affect the review 
or approval of such drug under section 505 of this Act or 
section 351 of the Public Health Service Act unless— 

“(A) the Secretary makes a determination, in accord- 
ance with paragraph (2), that use of such clinical outcome 
is critical to determining the safety of the eligible investiga- 
tional drug; or 

^B) the sponsor requests use of such outcomes. 

“(2) LIMITATION.—If the Secretary makes a determination 
under paragraph (1)(A), the Secretary shall provide written 
notice of such determination to the sponsor, including a public 
health justification for such determination, and such notice 
shall be made part of the administrative record. Such deter- 
mination shall not be delegated below the director of the agency 
center that is charged with the premarket review of the eligible 
investigational drug. 

“(d) REPORTING.— 

^(1) IN GENERAL.—The manufacturer or sponsor of an 
eligible investigational drug shall submit to the Secretary an 
annual summary of any use of such drug under this section. 
The summary shall include the number of doses supplied, the 
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number of patients treated, the uses for which the drug was 

Regulations. made available, and any known serious adverse events. The 
Secretary shall specify by regulation the deadline of submission 
of such annual summary and may amend section 312.33 of 
title 21, Code of Federal Regulations (or any successor regula- 
tions) to require the submission of such annual summary in 
conjunction with the annual report for an applicable investiga- 
tional new drug application for such drug. 

“(2) POSTING OF INFORMATION.—The Secretary shall post 
an annual summary report of the use of this section on the 
internet website of the Food and Drug Administration, 
including the number of drugs for which clinical outcomes 
associated with the use of an eligible investigational drug 
pursuant to this section was— 

“(A) used in accordance with subsection (c)(1)(A); 

“(B) used in accordance with subsection (c)(1)(B); and 

“(C) not used in the review of an application under 
section 505 of this Act or section 351 of the Public Health 

Service Act.". 

21 USC (b) No LIABILITY.— 
360bbb-0a note. (1) ALLEGED ACTS OR OMISSIONS.—With respect to any 
alleged act or omission with respect to an eligible investiga- 
tional drug provided to an eligible patient pursuant to section 
561B of the Federal Food, Drug, and Cosmetic Act and in 
compliance with such section, no liability in a cause of action 
shall lie against— 
(A) a sponsor or manufacturer; or 
(B) a prescriber, dispenser, or other individual entity 

(other than a sponsor or manufacturer), unless the relevant 

conduct constitutes reckless or willful misconduct, gross 

negligence, or an intentional tort under any applicable 

State law. 

(2) DETERMINATION NOT TO PROVIDE DRUG.—No liability 
shall lie against a sponsor manufacturer, prescriber, dispenser 
or other individual entity for its determination not to provide 
access to an eligible investigational drug under section 561B 
of the Federal Food, Drug, and Cosmetic Act. 

(3) LIMITATION.—Except as set forth in paragraphs (1) and 
(2) nothing in this section shall be construed to modify or 
otherwise affect the right of any person to bring a private 
action under any State or Federal product liability, tort, con- 
sumer protection, or warranty law. 


21 USC SEC. 3. SENSE OF THE SENATE. 


+0" 0و‎ It is the sense of the Senate that section 561B of the Federal 
Food, Drug, and Cosmetic Act, as added by section 2— 

(1) does not establish a new entitlement or modify an 
existing entitlement, or otherwise establish a positive right 
to any party or individual; 

(2) does not establish any new mandates, directives, or 
additional regulations; 

(3) only expands the scope of individual liberty and agency 
among patients, in limited circumstances; 

(4) 1s consistent with, and will act as an alternative path- 
way alongside, existing expanded access policies of the Food 
and Drug Administration; 
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(5) will not, and cannot, create a cure or effective therapy 
where none exists; 

(6) recognizes that the eligible terminally ill patient popu- 
lation often consists of those patients with the highest risk 
of mortality, and use of experimental treatments under the 
criteria and procedure described in such section 561A involves 
an informed assumption of risk; and 

(7) establishes national standards and rules by which inves- 
tigational drugs may be provided to terminally ill patients. 


Approved May 30, 2018. 
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Right to Try 


Print Fact Sheet (PDF - 660KB) (/media/133864/download) 


The Right to Try Act, or the Trickett Wendler, Frank Mongiello, Jordan McLinn, and Matthew 
Bellina Right to Try Act, was signed into law May 30, 2018. This law is another way for patients 
who have been diagnosed with life-threatening diseases or conditions who have tried all 
approved treatment options and who are unable to participate in a clinical trial 
(/patients/clinical-trials-what-patients-need-know) to access certain unapproved treatments. 


Clinical trials provide information about whether a product is safe to use and can effectively 
treat or prevent a disease. People may have many reasons for participating in clinical trials. In 
addition to contributing to medical knowledge, some people participate in clinical trials because 
there is no treatment for their disease, treatments they tried have not worked, or they are not 
able to tolerate the current treatments. 


For patients with serious or immediately life-threatening diseases or conditions, the FDA 
remains committed to enhancing access to promising investigational medicines for those unable 
to access investigational medical products through clinical trials. This is the mission of our 
expanded access program (/news-events/public-health-focus/expanded-access). The agency is 
dedicated to these purposes, and it has been for more than three decades. 


Building on our long-standing efforts to help patients and families who are facing life- 
threatening diseases or conditions, the FDA is providing information for patients on the Right to 
Try Act. FDA's role in implementation of the Right to Try Act is largely focused on those 
obligations outlined in the law, which is limited to receipt and posting of certain information 
submitted regarding Right to Try use. 


The Right to Try Act permits/allows eligible patients to have access to eligible investigational 
drugs. 


An eligible patient is a patient who has: 


e Been diagnosed with a life-threatening disease (https: / /www.ecfr.gov/cgi-bin/text-idx? 
SID-5cof61d1c996ea8befo7684a25d67c97&mc-true&node-se21.5.312. 181&rgn-div8) or 
condition 


e Exhausted approved treatment options and is unable to participate in a clinical trial 
involving the eligible investigational drug (this must be certified by a physician who is in 
good standing with their licensing organization or board and who will not be compensated . 
directly by the manufacturer for certifying) 770 7 
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= * And has provided, or their legally authorized representative has provided, written 
informed consent regarding the eligible investigational drug to the treating physician 


An eligible investigational drug is an investigational drug: 


* For which a Phase 1 (https://www.ecfr.gov/cgi-bin/text-idx? 
SID-5cof61d1c996ea8bef97684a25d67c97&mc-true&node-se21.5.312. 121&rgn-div8)clinical 
trial has been completed 


e That has not been approved or licensed by the FDA for any use 


e For which an application has been filed with the FDA or is under investigation in a clinical 
trial that is intended to form the primary basis of a claim of effectiveness in support of FDA 
approval and is the subject of an active investigational new drug application submitted to 
the FDA 


e Whose active development or production is ongoing, and that has not been discontinued 
by the manufacturer or placed on clinical hold (/drugs/investigational-new-drug-ind- 
application/ind-application-procedures-clinical-hold) by the FDA 


If you are interested in Right to Try, you should discuss this pathway with your licensed 
physician. Companies who develop and make drugs and biologics, also known as sponsors, can 
provide information about whether their drug/biologic is considered an eligible investigational 
drug under Right to Try and if they are able to provide the drug/biologic under the Right to Try 
Act. Ultimately, sponsors developing drugs for life-threatening diseases or conditions are 
responsible for determining whether to make their products available to patients who qualify for 
access under the Right to Try Act. 


The full text of the Right to Try Act, Public Law 115-176, can be found on US Congress's website: 
Public Law 115-176 (https://www.congress.gov/115/bills/s204/BILLS-115s204enr.pdf). 

| Right to Try FAQs 

| d. If I'm a patient or a physician and I have a question about the Right to Try 

| Act, who do I ask? 

i 

| A: FDA recommends that patients first consult with their physician and that physicians | 
consult with the sponsor of the investigational drug or biological product. The sponsor is in ۱ 
the best position to provide information about whether the drug or biological product meets 
the criteria to be considered an eligible investigational drug for use under the Right to Try 

Act. 


2. If I identify a drug that I would like to use under the Right to Try Act, how 
do I know if it is an “eligible investigational drug”? 
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| A: FDA recommends that you consult with the sponsor of the investigational drug or 
! biological product. The sponsor is in the best position to provide information about 
| whether the drug or biological product meets the criteria to be considered an eligible 
' Investigational drug for use under the Right to Try Act. 


3. Does FDA review or approve the Right to Try Act requests? 


A: FDA does not review or approve requests for Right to Try Act use. FDA's role is limited — - 
to receipt and posting of certain information submitted under the Right to Try Act. | 


| 4. What does FDA do with the annual summaries submitted under the Right 
| to Try Act? 


A: FDA will receive annual summaries from manufacturers or sponsors on use of an eligible ` 
investigational drug under the Right to Try Act. FDA will post a consolidated annual | 
summary report of Right to Try Act use. 


5. Does an IRB review and/or approve Right to Try Act requests? 


| A: Individual Right to Try Act requests do not require IRB review or approval; however, 
eligible investigational drugs under the Right to Try Act must meet certain criteria. 


| 6. Is written informed consent required for the Right to Try Act? 


r‏ رہ ۰ و art‏ بیو هم 


| A: Yes, a physician is responsible for getting written informed consent from the eligible 
١ patient or their legally authorized representative. 


7. Does the Right to Try Act obligate a sponsor to provide an eligible 
investigational drug to an eligible patient? 


۸: No, the Right to Try Act does not require a sponsor provide an eligible investigational 
drug to an eligible patient. 


8. If the IND for a drug is on clinical hold, is the drug an eligible | 
investigational drug for use under the Right to Try Act? i 


A: No, a drug under IND clinical hold is not an eligible investigational drug and a sponsor 
cannot provide the drug for use under the Right to Try Act. 


Key FDA Contact Information 
Tit 
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For specific questions on: 
* Investigational Drugs: CDER's Division of Drug Information - 301-796-3400 or 
druginfo@fda.hhs.gov (mailto:druginfo@fda.hhs.gov) 


* Investigational Biologics: CBER's Office of Communication, Outreach and 
Development - 240-402-8020 or 800-835-4709 or Industry.biologics@fda.hhs.gov 
(mailto: Industry. biologics @fda.hhs.gov) 


For general questions, or if you are unsure of whom to contact, contact the Patient Affairs 
Staff - 301-796-8460 or patientaffairs@fda.hhs.gov. (mailto:patientaffairs@fda.hhs.gov) 


| FDA is available to answer questions regarding the Right to Try Act. Patients with specific 
; Right To Try requests should consult their physician. 
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SOLICITUD DEL PACIENTE PARA SER TRATADO CON DIOXIDO DE CLORO (CDS) 


Ante el Hospital/Clinica/centro sanitario: 


Dirección: 
Yo, , mayor de edad, SS 
n? ,en plena posesión de sus capacidades 


intelectivas y volitivas, de forma libre y voluntaria, presta su consentimiento informado y 
manifiesta su voluntad de que sus familiares le entreguen el tratamiento con DIOXIDO DE 
CLORO (CDS) u otro remedio natural sin que el establecimiento limite o restringa el 
acceso a los mismos, y para el caso de que estuviere impedido para tomarlo por vía oral 
se le administre mediante el suero por un sanitario. 


Con la presente solicitud se exonera de responsabilidades al médico y/o centro hospitalario/ Clínica, 
con la relación a las posibles consecuencias derivadas del tratamiento solicitado, para el caso de que 
se produjeren. 


Los médicos que integran la asociación COMUSAV, más de tres mil, han preservado su vida 
tomando Dióxido de cloro en solución acuosa ( CDS ) sin haberse producido ninguna muerte entre 
sus integrantes, y en cumplimiento del juramento hipocrático conforme a la Declaración de Ginebra 
de 1948 han salvado a miles de pacientes haciendo uso del CDS, por lo que el 22 de octubre de 
2020 se hizo el anuncio mundial ante la prensa de dichos avances titulado «El coronavirus ha sido 
derrotado», que pueden visionar enla página: 


https://www.facebook.com/Comusavmundial/videos/3625464464 I4 1529. 


Esta solicitud está amparada, por la obligación de «comportarse fraternalmente los unos con los 
otros», art” 1 de la Declaración Universal de Derechos Humanos de 10 de diciembre de 1948, y por 
el deber de las instituciones públicas, privadas y la profesión médica; 


.- de salvaguardar el derecho a la vida e integridad física y moral de la persona recogido en la 
Declaración Universal de Derechos Humanos de 10 de diciembre de 1948, Convenio para la 
Protección de los Derechos Humanos y de las Libertades Fundamentales Roma de 4 de noviembre 
1950, Pacto Internacional de Derechos Civiles y Políticos de 16 de diciembre de 1966 . 


.- del derecho de autodeterminación del paciente de Declaración de Lisboa de la AMM sobre los 
Derechos del Paciente de 1981. 


.- del deber de reconocimiento de la autonomía profesional e independencia clínica de los médicos, 
conforme a la Declaración de la AMM sobre la Independencia y Libertad Profesional del Médico de 
1986, Declaración de Madrid de la AMM sobre la Autonomía y Autorregulación profesionales de 
1987, Declaración de Seúl de la AMM sobre la Autonomía Profesional y la Independencia Clínica 
de 2008, Declaración de Madrid de la AMM sobre Regulación Profesional de 2009. 
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.- del respeto del ser humano en las investigaciones científicas, Código de ética médica de 
Nüremberg de 1947, Código internacional de deontología médica de 1949, Convenio de Oviedo de 
1997, la Declaración de Helsinki de 1964, el Informe Belmont de 1978, las pautas éticas 
internacionales para la investigación biomédica en seres humanos de 2002 de la CIOMS, la 
Declaración universal sobre biomédica y derechos humanos de la UNESCO de 2005. 


El CLORITO DE SODIO, fue declarado medicamento huérfano para el tratamiento de la esclerosis 
lateral amiotrófica por la Comisión Europea, conforme a la DECISION DE EJECUCION DE LA 
COMISION del 19.6.2013. 


Por dichos motivos se requiere al Centro asistencial y médicos del mismo se le aplique el 
tratamiento con DIOXIDO DE CLORO en cumplimiento del; 


.- art 37 de la Declaración de Helsinki adoptada por la 187 Asamblea Médica Mundial, de 1964: 


«Cuando en la atención de un paciente las intervenciones probadas no existen u otras intervenciones 
conocidas han resultado ineficaces, el médico, después de pedir consejo de experto, con el 
consentimiento informado del paciente o de un representante legal autorizado, puede permitirse 


usar intervenciones no comprobadas, si, a su juicio, ello da alguna esperanza de salvar la vida, 
restituir 13 salud o aliviar el sufrimiento» 


.- art 36 del Código internacional de deontología médica «1.El médico tiene el deber de intentar 
la curación o la mejoría del paciente, siempre que sea posible. Cuando ya no lo es, permanece la 
obligación de aplicar las medidas adecuadas para conseguir su bienestar , aun cuando de ello pueda 
derivarse un acortamiento de la vida..3.El médico, tras una adecuada información al paciente, debe 
tener en cuenta su voluntad de rechazar cualquier procedimiento, incluso los tratamientos dirigidos 
a prolongar la vida. 4.Cuando el estado del paciente no le permite tomar decisiones, el médico debe 
tener en consideración, por orden de preferencia, las indicaciones anteriormente hechas por el 
enfermo, las instrucciones previas y la opinión del paciente en voz de sus representantes. Es deber 
del médico colaborar con las personas que tengan la misión de garantizar el cumplimiento de las 
voluntades del paciente» 


.- art 59 del Código internacional de deontología médica «La investigación con seres humanos 
debe realizarse cuando el avance científico no sea posible por otros medios alternativos de eficacia 
comparable o en aquellas fases de la investigación en las que sea imprescindible.» 


El portador de esta solicitud y/o sus familiares, en caso de que el centro asistencial y/o médicos del 
mismo se negaren a proporcionar el tratamiento solicitado y usado en otros países en los que se ha 
demostrado su eficacia y efectividad en el tratamiento del COVID-19, se reservan el derecho de 
exigir responsabilidades penales y civiles por incumplimiento de las normas internacionales y 
nacionales en contra del derecho fundamental a la preservación de la vida, ante la comisión de 
posibles delitos de omisión del deber de socorro y delitos contra el derecho a la vida. 


Firmado D. 


,à de de 2020. 
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Abstract: In this study, a chlorine dioxide solution (UC-1) composed of chlorine dioxide was produced 
using an electrolytic method and subsequently purified using a membrane. UC-1 was determined 
to contain 2000 ppm of gaseous chlorine dioxide in water. The efficacy and safety of UC-1 were 
evaluated. The antimicrobial activity was more than 98.2% reduction when UC-1 concentrations were 
5 and 20 ppm for bacteria and fungi, respectively. The half maximal inhibitory concentrations 
(1C50) of HINT, influenza virus B/TW/71718/04, and EV71 were 84.65 + 0.64, 95.91 + 11.61, 
and 46.39 + 1.97 ppm, respectively. A 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide 
(MTT) test revealed that the cell viability of mouse lung fibroblast L929 cells was 93.7% at a 200 ppm 
UC-1 concentration that is over that anticipated in routine use. Moreover, 50 ppm UC-1 showed no 
significant symptoms in a rabbit ocular irritation test. In an inhalation toxicity test, treatment with 
20 ppm UC-1 for 24 h showed no abnormality and no mortality in clinical symptoms and normal 
functioning of the lung and other organs. A CIO? concentration of up to 40 ppm in drinking water did 
not show any toxicity in a subchronic oral toxicity test. Herein, UC-1 showed favorable disinfection 
activity and a higher safety profile tendency than in previous reports. 


Keywords: chlorine dioxide (PubChem CID: 24870); antimicrobial efficacy; antiviral assay; inhalation 
toxicity; subchronic oral toxicity 


1. Introduction 


Chlorine dioxide, a strong oxidant, can inhibit or destroy microbes [1-5]. Studies have investigated 
the application of chlorine dioxide in numerous fields such as water or wastewater treatment, 
environment and food disinfection, and medicine [6-13]. Typically, chlorine dioxide is produced using 
either an acid-based or an electrolytic method [7,8,10,12]. In the acid-based method, chlorine dioxide is 
produced by mixing starting materials, such as sodium chlorite and hydrochloric acid, sodium chlorite 
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and ferric trichloride, or sodium chlorite and chlorine gas. In the electrolytic method, the reactants are 
aqueous sodium chloride or saturated saline and sodium hypochlorite. 

According to the disinfectants and disinfection byproducts rule (DBPR) of the United States 
Environmental Protection Agency Microbial and Disinfection Byproduct Rules Simultaneous 
Compliance Guidance Manual [14], the maximum residual disinfectant level goals (MRDLG) and 
maximum residual disinfectant levels (MRDL) of chlorine dioxide are 0.8 mg/L [14]. The permissible 
exposure limits (PELs) for chlorine dioxide defined by the Occupational Safety and Health 
Administration are as follows: (a) General industry: 0.1 ppm and 0.3 mg/m; (b) Construction 
industry: 0.1 ppm and 0.3 mg/m? time weighted average (TWA); (c) American Conference of 
Governmental Industrial Hygienists threshold limit value: 0.1 ppm and 0.28 mg/m? TWA; 0.3 ppm 
and 0.83 mg/m? short term exposure limit (STEL); (d) National Institute for Occupational Safety and 
Health recommended exposure limit: 0.1 ppm TWA; 0.3 ppm STEL. 

The application of chlorine dioxide products or their contact with food or the human body is a 
serious issue if the products contain high levels of impurities. Impurities are mainly caused by impure 
reactants such as 10% H250; and 15% NaClO; or reaction byproducts such as Cl, and chloroxy anion. 
For example, 10% H25O4 and 15% NaClO; contain 90% and 85% unknown impurities, respectively. 
The chlorine dioxide product obtained from a mixture of 10% H2SO4 and 15% NaCIO; is highly 
impure. The Cl? product can react with organic matter to form trihalomethane, which is a carcinogen. 
Chloroxy anions, such as CIO,” or CIO3”, can be harmful to human health [15]. 

The domestic and industrial use of chlorine dioxide should be assessed according to product purity, 
for which the preparation method is an essential step. Low purity starting materials (e.g., 5% HCl and 
10% NaClO2) have a high impurity content. If the product of these reactions is not further purified, 
then the chlorine dioxide products produced, which also contain high levels of impurities, are useful 
only for wastewater treatment and are unsuitable for contact with humans or food because of the 
harmful impurities. Therefore, a higher percentage of chlorine dioxide gas molecules must be obtained 
through further chlorine dioxide gas molecule purification. 

To increase the safety of chlorine dioxide solution, eliminating or reducing the impurities and 
increasing the gas chlorine dioxide concentration in a solution is a reasonable approach. Herein, 
a clean and concentrated process for chlorine dioxide gas production was designed and implemented. 
We produced a chlorine dioxide solution (UC-1) containing 2000 ppm chlorine dioxide gas in 
water through the electrolytic method. The solution was further purified with a film membrane, 
and subsequently dissolved in reverse osmosis (RO) water. UC-1 was investigated to determine its 
efficacy, and safety issues such as the antimicrobial activity, in vitro cytotoxicity, in vivo rabbit ocular 
irritation, in vivo inhalation toxicity, and in vivo subchronic oral toxicity were assessed. 


2. Materials and Methods 


2.1. Electrolytic Method for Gas Chlorine Dioxide Production 


The UC-1 solution is produced in an apparatus, the technical details of which will be 
published later in the form of a patent application (PCT applied PCT/CN2016/080198; PCT applied 
PCT/CN2016/080199; PCT applied PCT/CN2015/099515; DE202016103175) by an electrochemical 
method. Briefly, sodium chloride solution was made from 99% (food grade) sodium chloride and 
RO water and pumped into the electrobath equipment. The electrolysis was operated by 6-12 V and 
40-80 A current. After electrolysis, the CIO»? gas was mixed with water using a water-ClO, mixer 
which was designed based on the Venturi effect. Mixing of water with CIO»? gas was continued by 
the cycle till the concentration of CIO» in water was over 2000 ppm (Figure 1) and pH value was 2.2. 
The chlorine dioxide solution produced by this process is named as UC-1. 

The chemical composition of the UC1 solution was determined according to a standard 
method [16]. The following data were obtained: ClO: 2120 ppm, free chlorine (Cl): 882 ppm, 
and total chlorine (Cl? + HOCI + OCT ): 900 ppm. The total chlorine concentration is somewhat higher 
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than in the case of other CIO» generators because the electrolyte applied by us does not contain any 
NaCIO,. The UC-1 solution was produced by using only 25% NaCl solution, with no other additive, 
-which is an obvious advantage. At the same time, despite the higher total chlorine content (which is 
present in the diluted UC-1 solutions mostly as HOCI), no detectable adverse effects were observed on 
the test animals or animal tissues. 






۱ | Water-ClO2 mixer 


Magnetized 
Device 






076007٦ 


NaCl Solution 
pump 


Figure 1. Flowchart of chlorine dioxide solution production. 


2.2. Antimicrobial Efficacy Test 


The test was performed following U.S. Pharmacopeia 34 NF29 Microbiological Tests/ «51» [17]. 
Antimicrobial Effectiveness Testing. The test organisms were as follows: Escherichia coli 
(BCRC 11634/ ATCC 8739), Staphylococcus aureus (BCRC 10451/ ATCC 6538P), Pseudomonas aeruginosa 
(BCRC 11633/ATCC 9027), S. aureus subsp. aureus (BCRC 15211/ ATCC 33591), Bacillus subtilis 
subspecies. (BCRC 10447/ATCC 6633), Listeria monocytogenes (BCRC 14848/ATCC 19114), 
Acinetobacter baumannii (BCRC 10591 / ATCC 19606), Salmonella enterica subspecies. (BCRC 12947 / ATCC 
13311), Klebsiella pneumoniae (BCRC 16082 / ATCC 4352), Penicillium funiculosum (BCRC 30438 / ATCC 
11797), and Candida albicans (BCRC 21538 / ATCC10231). 


2.3. Antiviral Assay 


Viruses were amplified in MDCK/RD cells. MDCK/RD cells were cultured in 10% fetal bovine 
serum Dulbecco's modified Eagle's medium (FBS DMEM). When the cells reached 90% confluence, 
they were washed with phosphate-buffered saline (PBS) and infected at a multiplicity of infection of 
0.01. Following the infection, 0% FBS DMEM was added, and the cells were incubated at 35 ?C in a 5% 
CO, incubator for 48 h. 

A 1-mL cell suspension (6 x 107 cells) was loaded into each well of a 6-well plate, which was 
incubated at 37 *C for 18-24 h. PBS was used to dilute UC-1 to final concentrations of 0, 25, 50, 
100, and 200 ppm in wells reacted with cells and viruses for 2 min at 37 °C. Following the reaction, 
the total reaction mixture was diluted to 1078. Subsequently, the 1078 dilution mixture was incubated 
at 37 °C for 48-64 h. The cells were fixed with 10% formalin for 1 h and stained with 0.1% crystal 
violet for 5 min. The virus-formed plaque number was counted and compared between the test and 
control groups. The antiviral activity is shown as the percentage of virus control = plaques in the test 
group/plaques in the control group x 100. The virus control is defined as infected virus with cells 
without the testing agent and is considered as 100%. 
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2.4. In Vitro Cytotoxicity Test (MTT Assay) 


Mouse lung fibroblast L929 cells were cultured in complete Eagle minimum essential medium 
(MEM) and incubated at 37 °C + 1 °C in 5% + 1% CO». Furthermore, 100 uL of L929 cell suspension 
(1 x 10° cells/mL) was transferred into each well of a 96-well cell culture plate. The cells were 
subsequently incubated at 37 °C + 1 °C for 24h + 2h. The culture medium was replaced with 100 uL 
of the test solution or blank, positive, or negative control. The test solutions contained 0 (control), 200, 
400, 600, and 800 ppm UC-1 in MEM. The blank control medium contained 10% horse serum. The cells 
were incubated for another 24 h. The cells were treated with the solutions in triplicate. After the MTT 
solution was added to each well, the plate was incubated for 2 h + 10 min at 37 °C + 1 °C. The MTT 
solution was replaced with 100 uL of dimethyl sulfoxide and subsequently subjected to a microplate 
reader equipped with a 570-nm filter for colorimetric measurement (reference, 650 nm). The triplicate 
results of the MTT assay are presented as mean + standard deviation (SD). Cell viability (%) = optical 
density of the test group/optical density of the control group x 100. 


2.5. White Rabbit Ocular Irritation Test 


oix 2-3-kg female New Zealand white rabbits were purchased from the Taiwan Livestock Research 
Institute (Xinhua, Tainan, Taiwan); the rabbits were quarantined and acclimatized before treatment. 
The animals were fed ad libitum and maintained at 20-26 °C under 30%-70% humidity. Furthermore, 
0.1 mL of 50 ppm UC-1 (test solution) was administered to the left eye of the rabbits, and 0.1 mL of 
0.9% normal saline (control solution) was administered to the right eye. Subsequently, the eyelids were 
held together for 1 s for instillation. Each treatment was repeated three times. Ocular irritations were 
observed for at the 1st, 24th, 48th, and 72nd hour using an ophthalmoscope (Welch Allyn, Skaneateles 
Falls, NY, USA). Extended observation was necessary in case of persistent lesions to determine the 
progression or reversal of the lesions. Ocular irritation scores were based on the system for grading 
ocular lesions (ISO 10993-10). When more than one animal in the test group showed a positive result 
at any stage of the observations, the test component was considered an eye irritant and further testing 
was not required or performed. When only one of the test groups showed a mild or moderate reaction 
that was equivocal, the procedure was conducted on three additional animals. When more than half of 
the eyes showed a positive result at any stage of the observation, the test component was considered an 
eye irritant. ۸ severe reaction in only one animal was considered sufficient to label the test component 
as an eye irritant. 


2.6. Inhalation Toxicity Test 


Fifteen 4-week-old BALB/c male mice were purchased from the National Laboratory Animal 
Center (Taipei, Taiwan); they were quarantined and acclimatized before treatment in an animal room 
at China Medical University, Taiwan. The animals were fed ad libitum and maintained at 20-25 *C 
and 6576-8076 humidity. Five mice were housed in one cage and fed with 0 (PBS) and 10 or 20 ppm 
UC-1 (test solution), which was administered as mist by using a humidifier in an airtight box for 
24 h. The clinical symptoms and body weight of the animals were observed; they were subsequently 
sacrificed to examine their lung sections and organ weight. The experimental animals were observed, 
and their clinical symptoms were recorded as abnormality (96), defined as the animals behaving 
abnormally compared with normal animals, and mortality (%), defined as animal death. 


2.6.1. Evaluation of the Organ Weight 


During the experiment, the animals were immediately dissected on death, and a record was made. 
All surviving animals were sacrificed and autopsied to observe their appearance and all organs in 
the mouth, chest, and cranial and abdominal cavities. Subsequently, the organs, including the liver, 
adrenal glands, kidneys, and gonads, were removed, weighed, and recorded. 
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2.6.2. Hematoxylin and Eosin Staining of Mouse Lung Sections 


Tissue sections frozen in the optimal cutting temperature compound were fixed in acetone and 
chloroform; the sections were immersed in filtered Harris hematoxylin (Leica Biosystems Richmond, 
Inc., Richmond, IL, USA) for 1 min. The slides were rewashed with Tris-buffered saline and Tween 
20 (Biokit Biotechnology Inc., Miaoli, Taiwan), and the sections were counterstained with eosin 
(Leica Biosystems Richmond, Inc., Richmond, IL, USA) for 1-2 min. The sections were dehydrated 
in ascending alcohol solutions and cleared with xylene. The prepared slides were examined through 
light microscopy. 


2.7. Subchronic Oral Toxicity Test 


Twenty-five 4-week-old BALB/c male mice were purchased from the National Laboratory Animal 
Center; they were quarantined and acclimatized before treatment in an animal room at China Medical 
University. The animals were fed ad libitum and maintained at 20-25 °C under 65%-80% humidity. 
Five mice were housed in one cage and fed 0 (PBS; control), 5, 10, 20, and 40 ppm UC-1 (test solutions) 
continuously for 90 days. PBS or test solutions fed as drinking water were freshly prepared daily 
before treatments. 


2.7.1. Evaluation of the Clinical Symptoms 


The experimental animals were observed, and their clinical symptoms were recorded as 
abnormality (7o), defined as the animals behaving abnormally compared with normal animals, 
and mortality (76), defined as animal death. 


2.7.2. Body Weight 


The body weight of the experimental animals was recorded at treatment initiation and once per 
week during the experimental period using an electronic balance (AND, FX-2000i, Tokyo, Japan). 


2.7.3. Necropsy, Gross Examination, and Organ Weighing 


During the experiment, the animals were dissected immediately on death, and a record was 
made. آلۂ‎ surviving animals were sacrificed and autopsied to observe their appearance, and all organs 
in the mouth, chest, and cranial and abdominal cavities were analyzed. Subsequently, the organs, 
including the liver, adrenal glands, kidneys, and gonads, were removed, weighed, and recorded. 


2.8. Statistical Analysis 


The results were analyzed using SPSS Version 20.0 (IBM Corp., Armonk, NY, USA) with one-way 
analysis of variance, F-test, and Duncan's new multiple range test for comparing more than two 
mean values; results with p « 0.05 indicated significant differences. The results represent at least 3 
independent experiments and are shown as the mean + SD. 


2.9. Ethical Statement 


This research was approved by the China Medical University Laboratory Animal Service Center. 
Program Number: 10442699 (for the white rabbit ocular irritation test) and 10442686 (for the inhalation 
toxicity and subchronic oral toxicity tests). 


3. Results 


In this study, a UC-1 containing 2000 ppm chlorine dioxide in water was produced through 


the electrolytic method with food-grade salt (99% NaCl) and RO water as the starting reactants. 


Subsequently, the chlorine dioxide was purified through a film and dissolved in RO water. Because a 
chlorine dioxide solution can be directly applied to food or human hygiene or preventative health 
measures, its safety and efficacy were investigated. 
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3.1. Antimicrobial Efficacy Test 


The in vitro antimicrobial activity of UC-1 was examined. The in vitro antimicrobial activity 
was more than 98.2% reduction for bacteria and fungi (Table 1); excellent antimicrobial activity was 
observed at low concentrations of 5 and 20 ppm UC-1 for bacteria and fungi, respectively. 


Table 1. Antimicrobial efficacy of UC-1. 





Counts of UC-1 at 


Original Inoculum Percent 


; uber 

ET (CFU/mL) IU aen Reductions (R) P 
Escherichia coli ۳ 2.55 x ۳ «1 299.9 
Staphylococcus aureus ٣ 3.15 x 10? >1 >99.9 
Pseudomonas aeruginosa ۳ 2.55 x 10? «1 299.9 
Staphylococcus aureus subsp. Aureus ۳ 2.60 x 10? «1 599,9 
Bacillus subtilis subspecies ٣ 3.75 x 10° 1.35 x 10° 99.6 
Listeria monocytogenes ۳ 8.20 x 10° <1 >99.9 
Acinetobacter baumannii ۳ 5.40 x 10° «1 299.9 
Salmonella enterica subspecies ۳ 4.80 x ۴ <1 >99.9 
Klebsiella pneumoniae ٣٠ 9.30 x 10° >1 299.9 
Penicillium funiculosum “4 3.70 x 105 6.70 x 10° 98.2 
Candida albicans ^^ 3.20 x 10° <1 >99.9 


? The contact time was 10 min. P Percent reductions of <1% represent no significant bacteriostasis or fungistasis. 


* UC-1 concentrations were 5 and 20 ppm for bacteria and fungi, respectively. * presented as bacteria; ^ presented as 
fungi. CFU: colony-forming unit. 


3.2. Antiviral Assay 


The antiviral activity of 0, 25, 50, 100, and 200 ppm UC-1 after 2 min of reaction is shown in 
Figure 2. For ۲11۳۲1 and influenza virus B/TW/71718/04, 200 ppm UC-1 had the most significant 
effect in inhibiting viral plaque formation. The half maximal inhibitory concentration (IC5o) of HINT 
was 84.65 + 0.64 ppm and that of influenza virus B/TW /71718/04 was 95.91 + 11.61 ppm. For EV71, 
50 ppm UC-1 showed significant inhibition activity, with an ICs9 of 46.39 + 1.97 ppm at 2 min. 
The results showing statistical significance (p « 0.05) are presented. Bars are plotted as means + SD. 


120.0 


EN influenza A 
100.0 - Influenza B 
2 قا‎ Enterovirus 71 


60.0 


40.0 


20.0 


Virus plaque forming (96 of virus control) 


0.0 





UC-1 Concentration (ppm) 


Figure 2. Antiviral efficacy against influenza virus A/WSN/33, influenza virus B/TW/71718/04, 
and enterovirus 71. Bars are plotted as means + standard deviation (SD). Means with the same letter 
did not differ significantly at p « 0.05 according to the ANOVA (Analysis of Variance) F-test and 
Duncan's new multiple range test. 
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3.3. In Vitro Cytotoxicity Test (MTT Assay) 


The cytotoxic effect of 0, 200, 400, 600, and 800 ppm UC-1 against L929 lung fibroblast cells was 
analyzed. The cell viability was 74.0%-100.0% at UC-1 concentrations below 600 ppm. L929 cell 
viability was reduced to 40.3% at 800 ppm UC-1 (Figure 3). 


120.0 


100.076 


100.0 


80.0 74.0% 


60.0 


Cell viability (%) 


40.0 


20.0 





0.0 
0 100 200 300 400 500 600 700 800 


UC-1 Concentration (ppm) 
Figure 3. Cytotoxic effects of various UC-1 concentrations on L929 cells. 


3.4. Ocular Irritation Test 


The cornea, iris, and conjunctivae were evaluated in a rabbit ocular irritation test. The 50 ppm 
UC-1 solution induced neither significant clinical signs nor ocular gross changes in the rabbits at each 
time point (Table 2). Therefore, single ocular applications with 0.1 mL of 50 ppm UC-1 did not cause 
ocular irritation in rabbits. 


Table 2. Grades in the clinical observation of individual rabbits for the ocular irritation test. 


Applied Test Items for Clinical Observation (Time point/h) 
Rezi Animal No. ۱ ڪڪ‎ o a 
egions Component Grading 1 24 48 72 


Cornea 
RB-160114-01 Iris 
Conjunctivae 


ven Test Cornea 
eit Eye RB-160114-03 Iris 
(50 ppm UC-1) Conjunctivae 


Cornea 
RB-160114-06 Iris 
Conjunctivae 


Cornea 
RB-160114-01 Iris 
Conjunctivae 


Control Cornea 
(0.996 Saline) RB-160114-03 Iris 
Conjunctivae 


Right Eye 


Cornea 
RB-160114-06 Iris 
Conjunctivae 


cOOocoiooo(ooocj|oocococojocooo|ococc 
cOccojocooojooocjoocooj|ooo|mococ 
هه‎ ه١‎ OOO ooo odor oom OO 
SOS ں إ| ں کت ں‎ ه١‎ OOO OOO ooo 


3.5. Inhalation Toxicity Test 


In an inhalation toxicity test, we used 0, 10, and 20 ppm UC-1, which was administered as mist 2 
by using a humidifier in an airtight box containing five mice. The test showed no abnormality and 7 / 
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no mortality for the control and test components within 24 h (Table 3). The weights of the heart, 
liver, spleen, and kidney of the test group did not differ significantly from those in the control group 
(Table 4). Hematoxylin and eosin staining of the mice lung sections (Figure 4) showed that 10 and 
20 ppm UC-1 did not induce significant clinical signs of changes in the mouse lung cells at 24 h. 
Therefore, inhalation of 10 and 20 ppm UC-1 did not cause irritation in the mice. 


Table 3. Evaluation of clinical symptoms in the inhalation toxicity test. 





Test Component Animal No. Abnormality Rate (%) Mortality (%) 
Control: PBS 5 0 0 
10 ppm UC-1 5 0 0 
20 ppm UC-1 5 0 0 





PBS: phosphate-buffered saline. 


Table 4. Evaluation of organ weight for the inhalation toxicity test. 





Test Component Heart (g) — Liver(g) Spleen (g) Kidney (g) 
Control: PBS 09:01 0.70.2 0.5 + 0.1 0.6 + 0.1 
10 ppm UC-1 0.4 + 0.1 7-2 0.5 + 0.2 0.6 + 2 
20 ppm UC-1 03402 3 0.6 + 1 0.6 + 0.2 





Statistical analyses of the presented data were performed at the 95% significance level (p < 0.05). 





Figure 4. Hematoxylin and eosin staining of mouse lung sections in the inhalation toxicity test. 
The Scale bar labeled in this figure was 100 um. 


725 


Int. J. Environ. Res. Public Health 2017, 14, 329 9 of 12 


3.6. Subchronic Oral Toxicity Test 


In the subchronic oral toxicity test, 0, 5, 10, 20, and 40 ppm UC-1 was prepared to feed the mice. 
Clinical observations of the mice showed no abnormality and no mortality after 90 days for the control 
and test groups (Table 5). The mouse weight was not influenced (Figure 5). Moreover, necropsy and 
gross examination did not show any pathological symptoms (Figure 6). The weights of the heart, liver, 
spleen, and kidney of the test groups did not differ significantly compared with those in the control 
group (Table 6). Therefore, administration of up to 40 ppm UC-1 to mice for 90 days is nontoxic. 


36 
34 
32 
30 


28 


Body weight (g) 


26 4 CTL 
5 ppm UC-1 
10 ppm UC-1 
24 “=A س‎ ..- 20 ppm UC-1 
40 ppm UC-1 





22 
0 7 14 21 28 35 42 49 56 63 70 77 84 90 


Days of treatment (day) 


Figure 5. Mouse weight trend chart in the subchronic oral toxicity test. CTL: control. 





Figure 6. Observation of mouse lungs and organs in the subchronic oral toxicity test. 


Table 5. Evaluation of clinical symptoms in the subchronic oral toxicity test. 


Test Component Animal No. Abnormality Rate (76) Mortality (76) 
Control: PBS 5 0 0 
5 ppm UC-1 5 0 0 
10 ppm UC-1 5 0 0 
20 ppm UC-1 5 0 0 
40 ppm UC-1 5 0 0 





Table 6. Evaluation of organ weight in the subchronic oral toxicity test. 





Test Component Heart (g) Liver(g) Spleen (g) Kidney (g) 
Control: PBS 0.4 + 0.1 08:02 0.5 + 1 0.7 + 0.1 
5 ppm UC-1 05+02 0.8 1 3 0.6 + 0.1 0.6 + 0.2 
10 ppm UC-1 04402 09-3 0.5 + 3 0.7 + 0.2 
20 ppm UC-1 04+01 ۰ 0.8 - 2 0.5 + 0.1 0.7 +0.1 
40 ppm UC-1 0.5 10.1 ۰ 0.8 3 0.5 + 1 0.6 + 0.1 


Statistical analyses of the presented data were performed at the 95% significance level (p < 0.05). 
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4. Discussion 


UC-1 with gas chlorine dioxide and fewer impurities was prepared using a patented green 
process design, and the efficacy and safety of UC-1 were evaluated. Many studies have reported the 
potent oxidant and antimicrobial activity of chlorine dioxide in vitro. Recent reports have addressed 
concerns related to microbial decontamination of food by chlorine dioxide [6,9,18-21]. In these studies, 
chlorine dioxide was produced using various methods (e.g., 2% NaClO, with H3PO,, 4% Cl; with 
80% NaClO2, and by using an electrogenerator); the antimicrobial activity was more than 2% for 
5-75 mg/L CIO» within 5-30 min. Here, the antimicrobial activity was more than 98.2% reduction at 
UC-1 concentrations of 5 and 20 ppm for bacteria and fungi, respectively. In the MTT test, the viability 
of L929 cells was 93.7% at 200 ppm UC-1 that a concentration is over routine use. 

No significant symptoms were observed with 50 ppm UC-1 in the ocular irritation test. 
No abnormality or mortality was observed in clinical symptoms, lungs, and other organs at 10 ppm 
or 20 ppm UC-1 in the inhalation toxicity test. Paulet and Desbrousses [22] administered 2.5, 5, 
and 10 ppm chlorine dioxide to rats and rabbits in 1970; they reported that 2.5 ppm chlorine dioxide 
had the lowest-observed-adverse-effect level (LOAEL), causing thoracic effects in rats at 7 h/day for 
30 days and pulmonary effects in rabbits at 4 h/day for 45 days. Paulet and Desbrousses [23] increased 
the test concentration to 5, 10, and 15 ppm chlorine dioxide and reduced the dose time to 15 min per 
dose, 2-4 times per day, for 4 weeks in rats. The results showed a no-observed-averse-effect level 
(NOAEL) of 5 ppm and an LOAEL of 10 ppm for lung damage. 

The mice were fed drinking water containing up to 40 ppm UC-1 for 90 days; the concentration 
showed no toxicity in the sub-chronic orally toxicity test. Daniel et al. [24] reported the oral exposed 
toxicity of chlorine dioxide in drinking water administered to Sprague-Dawley rats for 90 days; 
they used different concentrations of chlorine dioxide (0, 25, 50, 100, and 200 mg/L corresponding to 
doses of 0, 2, 5, 8, and 15 mg/kg: day). The spleen and liver weight decreased significantly at 25 and 
50 mg/L, respectively. They showed nasal lesions caused by 25 mg/L chlorine dioxide vapors in 
drinking water. In that study, the LOAEL was 25 mg/L. Bercz et al. [25] conducted a similar test in 
African green monkeys (Cercopithecus aethiops) by using 0, 30, 100, and 200 mg/L chlorine dioxide 
for 4-6 weeks. Furthermore, 200 mg/L chlorine dioxide caused erythema and ulceration of the oral 
mucosa after 1 week, and 100 mg/L chlorine dioxide reduced the serum thyroxine (14) levels after 
6 weeks; in that study, the NOAEL was 30 mg/L and LOAEL was 100 mg/L for the oral exposure of 
the monkeys. 


5. Conclusions 


UC-1 was produced through a green process with clean starting materials and procedures. 
UC-1 solution demonstrated satisfactory antibacterial, antifungal, and antiviral activity. Low toxicity 
was demonstrated through an in vitro cytoxicity test (high ICs) 765 + 18 ppm), 50 ppm CIO, did not 
cause eye irradiation in an ocular irritation test, mice did not exhibit abnormality and mortality in 
a 20 ppm CIO» inhalation toxicity test, and concentrations of UC-1 up to 40 ppm were nontoxic to 
mice for 90 days in subchronic oral toxicity test. Therefore, a higher safety profile for UC-1 than those 
yielded in previous studies was demonstrated. 
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Biological Efficacy of Chlorine Dioxide 


Chlorine dioxide gas is highly effective against fungi, viruses, bacteria, and spores 
both in the laboratory and in real-world settings. Extensive testing has been done 
using chlorine dioxide on a multitude of specific organisms, and that information 
can be found in each of the listed tables below. It is not a complete list of 
organisms in which chlorine dioxide gas is effective against, only a sample of 


organisms in which chlorine dioxide has been successfully tested against. To date, 


no organism tested against chlorine dioxide gas has proved resistant. The 


Spaulding classification listed on the left lists organisms in order of decreasing 


resistance to sterilizing agents. 


Ás testing is continually being performed on other organisms, updated data will be 
added to this list as the results come in. If an organism is not listed here, it does 
not necessarily mean that chlorine dioxide gas is ineffective against it. Please 
contact us to see if there is any data or information regarding your specific 
organism, or to arrange for specific organism testing. 
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Spaulding Classification: 


Bacterial Endospores 
(Clostridium, Bacillus) 
Mycobacteria 
(Mycobacterium) 
Non-enveloped, non-lipid viruses 
(Parvoviruses) 

Fungi 
(Aspergillus, Stachybotrys) 
Gram negative vegetative bacteria 
(Escherichia, Pseudomonas) 
Gram positive bacteria 
(Enterococcus, Staphylococcus) 


4 


Enveloped, lipid viruses 


(Influenza) 
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ClorDiSys gaseous chlorine dioxide is registered with the EPA as a sterilant 


Product: CSI CD CARTRIDGE 

EPA Regi: 80802-1 

Registrant: CLORDISYS SOLUTIONS, INC 
Approval Date: 02/25//2005 

Active Ingredients: Sodium chlorite 72.896 


Contact us for more information on the power of a TRUE GAS 
and to discuss your project 
908.236.4100 
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ClorDiSys Solutions, Inc. of Lebanon, New Jersey (est. 2001) is a company providing years of experience in all aspects of 
chlorine dioxide technology with a strong background in the Medical Device and pharmaceutical industry operating 

under GxP. We are a flexible, responsive organization with a network of resources to handle any size project. Each project 
is approached by utilizing our strong sterilization and engineering skills while drawing on our background in Operations, 
Service, Validation, and Quality to provide solutions for all of your Chlorine Dioxide (CD) needs. We provide personal 
attention to ensure customer satisfaction in all services and equipment we supply. 
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Controlled Clinical Evaluations 
of Chlorine Dioxide, Chlorite 


and Chlorate in Man 


by Judith R. Lubbers,* Sudha Chauan,* and Joseph 


R. Bianchine* 


To assess the relative safety of chronically administered chlorine water disinfectants in man, a 
controlled study was undertaken. The clinical evaluation was conducted in the three phases 
common to investigational drug studies. Phase I, a rising does tolerance investigation, examined 
the acute effects of progressively increasing single doses of chlorine disinfectants to normal 
healthy adult male volunteers. Phase II considered the impact on normal subjects of daily 
ingestion of the disinfectants at a concentration of 5 mg/l. for twelve consecutive weeks. Persons 
with a low level of glucose-6-phosphate dehydrogenase may be expected to be especially 
susceptible to oxidative stress; therefore, in Phase III, chlorite at a concentration of 5 mg/l. was 
administered daily for twelve consecutive weeks to a small group of potentially at-risk 
glucose-6-phosphate dehydrogenase-deficient subjects. Physiological impact was assessed by 
evaluation of a battery of qualitative and quantitative tests. The three phases of this controlled 
double-blind clinical evaluation of chlorine dioxide and its potential metabolites in human male 
volunteer subjects were completed uneventfully. There were no obvious undesirable clinical 
sequellae noted by any of the participating subjects or by the observing medical team. In several 
cases, statistically significant trends in certain biochemical or physiological parameters were 
associated with treatment; however, none of these trends was judged to have physiological 
consequence. One cannot rule out the possibility that, over a longer treatment period, these 
trends might indeed achieve proportions of clinical importance. However, by the absence of 
detrimental physiological responses within the limits of the study, the relative safety of oral 


ingestion of chlorine dioxide and its metabolites, chlorite and chlorate, was demonstrated. 


effects of progressively increasing doses of disinfec- 
tants administered to normal healthy adult males. 
Chronic ingestion by normal male volunteers was 
studied in Phase II. Phase III assessed the physio- 
logical response of a small group of potentially 
susceptible individuals, those deficient in glucose-6- 
phosphate dehydrogenase, to chronic ingestion of 
chlorite. 


Methods 


Subject Selection 


For Phase I and for Phase II, normal healthy 
adult male volunteers were selected. No prospec- 
tive study participant who exhibited a significant 
abnormality in the routine clinical serum analysis, 


Introduction 


Chlorine dioxide is currently under serious con- 
sideration in the United States as an alternative to 
chlorine water treatment. Before chlorine dioxide 
may be used routinely as a water disinfectant, the 
safety of oral human ingestion of chlorine dioxide 
and its by-products must be assessed. For this 
purpose, a controlled clinical evaluation of chlorine 
dioxide, chlorite and chlorate was undertaken under 
the auspices of USEPA HERL #CR805643. 

The study was conducted in three parts. Phase I 
was designed to evaluate the acute physiological 


* The Department of Pharmacology, The Ohio State Universi- 
ty, College of Medicine, 383 W. 10th Avenue, Columbus, 
OH 43210 
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first day of each treatment sequence. No disinfec- 
tant was administered on the second and third day 
of each sequence, since these two days were to 
serve as followup observation days. The second day 
of the treatment sequence consisted of a physical 
examination and collection of blood and urine sam- 
ples for determination of posttreatment laboratory 
values. On the third day, each volunteer was given 
a physical examination to determine residual effects 
of treatment with the water disinfectants and 
byproducts. 

Taste evaluations were obtained at each dose 
level. Study participants were asked to rate the 
treated water as very unpleasant, slightly unpleas- 
ant, not pleasant, pleasant, or tasteless. 


Study Design: Phase II 


The sixty volunteers of Phase 11 were divided at 
random into six treatment groups of ten subjects 
each (3). In order to assure efficient management of 
the 60 subjects, they were randomly assigned to 
three subsets. These subsets were sequentially 
entered into the study on three successive days and 
exited from this study in a similar fashion. For all of 
the treatment groups, the concentration of disin- 
fectants ingested was 5 mg/l. The control group 
received untreated water. Each subject received 
500 ml daily for 12 weeks. Physicals, collection of 
blood and urine samples for laboratory assays, and 
taste evaluations were conducted on a weekly basis 
during the treatment period and for 8 weeks follow- 


ing cessation of treatment. 


Study Design: Phase III 


The three glucose-6-phosphate dehydrogenase- 
deficient subjects of Phase 111 were given sodium 
chlorite at a concentration of 5 mg/l. chlorite (4). 
The treatment protocol was identical to that of 
Phase II, with daily administration of 500 ml of 
solution to each volunteer, 


Evaluation Procedures 


An extensive battery of parameters was moni- 
tored to assess the biochemical and physiological 
response to the oral ingestion of the water disinfec- 
tants and water treatment by-products (Table 2). 
All laboratory determinations of biochemical param- 
eters were conducted by a licensed medical labora- 
tory, Consolidated Biomedical Laboratories, Inc. 
(CBL), Columbus, Ohio, HEW license number 
34-1030. For each volunteer, pretreatment baseline 
values and six sets of posttreatment values were 
compiled. Laboratory tests were carefully ehosen. 
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blood count, urinalysis, or electrocardiogram was 
selected. Subjects manifested no physical abnor- 
malities at the pretreatment examination, were 21 
to 35 years of age, and weighed within + 10% of 
normal body weight for their frame and stature. ۵ 
history of disease or any medical or surgical condi- 
tion which might interfere with the absorption, 
excretion, or metabolism of substances by the body 
precluded inclusion. Regular drug intake prior to 
the start of the investigation, either therapeutic or 
recreational, resulted in exclusion from the study. 
Normal methemoglobin levels, thyroid function, and 
glutathione levels were mandatory. Written informed 
consent was obtained from each subject prior to 
initiation of treatment, 

For Phase III, volunteers were defined as glucose- 
6-phosphate dehydrogenase (G-6-PD)-deficient on 
the basis of a hemoglobin G-6-PD level of less than 
5.0 IU/GM hemoglobin in the pre-study screening. 
Phase III subjects were normal in all other respects. 


Water Disinfectant Preparation 


A detailed description of the water disinfectant 
preparation techniques has been presented by Lub- 
bers and Bianchine (1). In general, freshly pre- 
pared stock solutions of chlorine dioxide, sodium 
chlorite, sodium chlorate, chlorine and chloramine 
were assayed by the colorimetric techniques of 
Palin (2) then diluted with organic-free demineral- 
ized deionized water to appropriate concentrations. 
Individual bottles were capped and stored in the 
dark under refrigeration until use. All bottles were 
coded by an independent observer and the identity 
of each bottle remained "double-blind" to both the 
investigative staff and the volunteer subjects. 


Study Design: Phase I 


The 60 volunteers in Phase I were divided at 
random into six treatment groups (1). Ten persons 
were assigned to receive each of the disinfectants; 
the ten members of the control group received 
untreated water. The study involved a series of six 
sequences of three days each. Treatment concen- 
trations were increased for each treatment. The 
specific concentrations or disinfectant administered 
to the study participants are listed in Table 1. A 
clinical evaluation of the collection of blood and 
urine samples for determination of pretreatment 
baseline laboratory values preceded the first treat- 
ment, On the first day of each three day treatment 
sequence, each volunteer ingested 1000 ml of the 
water in two portions. The second 500 ml portion 
aliquot was administered 4 hr after the first. Each 
500 ml portion was consumed within 15 min. Only 
two doses of disinfectant were administered on the 
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Table 1. Concentration of disinfectants in phase I: acute rising dose tolerance.® 





Disinfectant concentration, mg/l. 


Day 1 Day 4 Day 7 Day 10 Day 13 Day 16 
0.01 0.1 0.5 1.0 1.8 2.4 
0 0 0 0 0 0 
0.1 1.0 5.0 10.0 18.0 24.0 
0.01 0.1 0.5 1.0 1.8 2.4 
0.1 1.0 5.0 10.0 18.0 24.0 
0.01 1.0 8.0 18.0 24.0 


Water disinfectant 


Chlorate 
Water control 
Chlorine dioxide 


“For each dose, two portions of 500 ml each were administered at 4-hr intervals. 


Table 2. Biochemical parameters assayed in the controlled clinical evaluation of chlorine dioxide, chlorite and chlorate in man. 


Plasma glucose, sodium, potassium, chloride, urea nitrogen, creatinine, BUN/creatinine ratio, uric 
acid, caleium, phosphorus, alkaline phosphatase, gamma glutamyl transferase, total bilirubin, serum 
glutamic-oxaloacetic transaminase, serum glutamic-pyruvic transaminase, lactic dehydrogenase, 
cholesterol, triglycerides, total protein albumin, globulin, albumin/globulin ratio, iron 


Platelet count, white blood cell count, red blood cell count, hemoglobin, hematocrit, mean 
corpuscular volume, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, high peroxidase activity, neutrophils, lymphocytes, monocytes, eosino- 
phils, basophils, large unstained cells 


Color,* appearance,’ specific gravity, pH, protein, sugar,? acetone, blood,? white blood count, red 
blood count, casts,? crystals, bacteria,” mucus*, amorphous cells,* epithelial cells 


Serum haptoglobin, siekle cell? methemoglobin, glucose-6-phosphate dehydrogenase, Coombs 
test,” hemoglobin electrophoresis,” T-3 (uptake), T-4 (RIA), free thyroxine index, electrocardiogram* 


Serum chemistry 


Blood count 


Urinalysis 


Special tests 


Systolic blood pressure, diastolie blood pressure, respiration rate, pulse rate, oral temperature 


Physical exam 


“These parameters yielded qualitative data only; no statistical analysis was performed. 


tory ranges for that parameter was designated as 
abnormal. Chemical parameters for volunteers who 
exhibited abnormal values were subjected to care- 
ful serutiny; the safety and the possibility of hyper- 
sensitivity to the disinfectant agents were evalu- 
ated for each of these individuals on a continuing 


basis throughout the study. 


Statistical analyses utilized commercially avail- 
able computer packages, specifically, the Biomedi- 
cal Computer Programs (BMDP) and the Statistical 
Package for the Social Sciences (SPSS). Two-way 
analyses of variance with repeated measures uti- 
lized BMDP2V. BMDP1R was used to perform 
multiple linear regression analyses. For pairwise 
t-tests and simple t-tests, SPSS-T-test was employed. 


Results 


Qualitative 


An important aspect of this study was the careful 
and continued medical observation of all subjects. 
The general clinical histories and physical examina- 
tions alone with subjective observations and quali- 
tative laboratory tests throughout this study were 
aecumulated in each subject's medical file. A careful 


On the basis of the literature (5-8), areas of sus- 
pected biochemical response to ingestion of chlorine 
oxidants were defined; a portion of the test battery 
was specifically devoted to monitoring this response. 
Red blood cell surface antibody formation was clini- 
cally monitored by the qualitative Coombs test; 
thyroid function by T-3 (uptake), T-4 (RIA), and 
free thyroxine; and response to oxidative stress by 
glucose-6-phosphate dehydrogenase, methemoglobin 
and glutathione levels. Hemoglobin electrophoresis 
was used to detect possible hemoglobin abnormali- 
ties. A battery of peripheral parameters was assayed 
to provide supplementary information and to assist 
in evaluation of overall physiological well-being. 
The specific serum, blood and urine parameters 
assayed have been discussed by Lubbers and 
Bianchine (1). 

The numerical values obtained were collected 
and analyzed by utilizing the facilities of The Ohio 
State University Division of Computing Services 
for Medical Education and Research. Specially 
designed programs facilitated rapid clinical feed- 
back. Any value for an individual subject which 
differed from the group mean by more than two 
standard deviations was noted. In addition, every 
individual value which fell outside normal labora- 


222 


LUBBERS, CHAUAN AND BIANCHINE 


from the mean were examined for the pretreatment 
baseline assay and each posttreatment assay for 
each of the treatment groups. In all instances, the 
group mean values remain well within the estab- 
lished normal ranges. 

On the basis of the small magnitude of change 
within the normal range and the duration of the 
study, it was concluded that the trends identified 
by the analysis of variance are unlikely to be of 
clinical importance. The possibility that the trends 
might become clinically important with increased 
exposure cannot be excluded. 

Alternative statistical techniques were employed 
for Phase 11. An omnibus testing technique was 
used initially. To test the hypothesis that the response 
of one or more of the groups was different to that of 
the rest of the groups, an analysis of variance with 
repeated measures was performed in which values 
for all six treatment groups were included. For the 
parameters urea nitrogen and mean corpuscular 
hemoglobin, RG-values < 0.05 were obtained. Sup- 
plementary tests were performed. Analyses of vari- 
ance with repeated measures in which the values of 
each treatment group were compared to the cor- 
responding values of the control group were cho- 
sen. The use of the analysis of variance in this 
manner is flawed by the common control group. 
However, the results of the analyses may be used 
with caution. The analysis of variance yielded sta- 
tistically significant RG-values in the comparison of 
the group mean corpuscul ar hemoglobin values for 
the chlorite and the chlorate groups and of the 
group mean urea nitrogen values of chlorate and 
chlorine dioxide treatment groups to the corres- 
ponding control group values, as shown in Table 3. 

No linear trends were detected by linear regres- 
sion analysis of the chlorite group's mean corpus- 
cular hemoglobin values, the chlorate group's urea 
nitrogen levels or the chlorite group's urea nitrogen 
values. 

Mean corpuscular hemoglobin levels in the chlo- 
rate group yielded a probability of 0.01 upon linear 
regression analysis. The relative slope associated 
with the change during the 12-week treatment period 
was approximately 1% of the normal physiological 
range per week. We believe that no physiological 
importance may be attributed with confidence to 
the variation. However, it is impossible on the basis 
of this study to rule out the potential physiological 
significance of the trend. Further study is warrant- 
ed. 

The small number of subjects (three) in Phase III 
negated the value of many statistical procedures. 
Linear regression analyses were chosen. The third 
column of Table 3 lists the biochemical parameters 
for which a high probability of change with respect 
to time was caleulated. The p-values computed by 
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inspection of each of these medical files presented a 
review of the general clinical health of each subject. 

The careful clinical evaluation of every subject in 
Phases 1, 11 and 111 failed to reveal any clinically 
important impact upon the medical well-being of 
any subject as a result of disinfectant ingestion. 
Further, there was no apparent grouping of the 
minor subjective symptoms and objective signs noted 
throughout the study; the “colds,” “lymphadeno- 
pathy,” "sore throats” and "flu" problems noted 
episodically appear to be randomly dispersed among 
the treatment groups. All subjects remained negative 
with respect to the Coombs tests and the sickle cell 
tests during the investigation. Hemoglobin electro- 
phoresis results indicated that, in Phase II, a small 
number of subjects yielded abnormal hemoglobin 
distributions but these individuals were found to be 
randomly distributed in both the treatment groups 
and in the control group. Examination of electro- 
cardiograms revealed no abnormalities. 

Vital signs (blood pressure, pulse rate, respira- 
tion rate and body temperature) were measured on 
a regular basis to provide immediate feedback to 
the monitoring physician on the acute physiological 
response of study participants to treatment. The 
statistical analysis of the vital signs was limited to 
the calculation of arithmetic group means and stan- 
dard deviations from the mean. The compiled vital 
signs were examined for evidence of consistent 
response to treatment. No such evidence was found. 

The subjective evaluations of palatability indi- 
cated that few subjects found the test substances to 
have an objectionable taste at levels up to 24 mg/l. 


Quantitative 


For the Phase I acute rising-dose tolerance study, 
a two-way analysis of variance with repeated mea- 
sures was used to compare the treatment group 
values of each biochemical parameter to the corres- 
ponding values of the control group. The analysis of 
variance allowed distinctions to be made among the 
possible sources of variation. Differences between 
two groups that existed prior to treatment, parallel 
variations in qüantitative chemical values due to 
laboratory drift and authentic treatment-related 
changes in physiological parameters could be dis- 
tinguished. Three probabilities were calculated for 
each case: the group main effect (G), the time main 
effect (R), and group-time interaction (RG). The 
treatment groups and the corresponding biochemi- 
cal parameters for which a strong probability of 
treatment-related echange was computed (that is, 
RG x 0.05) are listed in the first column of Table 3. 

To assist in determining the clinical importance 
of the statistically significant group time interac- 
tions, the group, mean and standard deviations 
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ORAL INTAKE OF CHLORINE DISINFECTANTS IN MAN 


Table 3. Biochemical parameters and treatment groups in which statistical analyses indicated a high probability of change 
which could be attributed to ingestion of disinfectant. 


Test Phase I? Phase II? Phase III* 
Urea nitrogen (BUN) Chlorite Chlorate 
Chlorine dioxide 
Creatinine Chlorite 
Chlorine 

BUN/creatinine Chlorite 
Ratio 
Uric acid Chlorine dioxide 
Calcium Chlorine 
Gamma glutamy] transferase Chlorine 
Total bilirubin Chlorate 
Albumin/globulin ratio Chlorite 
Iron Chlorate 
Methemoglobin Chlorate Chlorite 
T-4 (RIA) Chlorite 
Free thyroxine index Chlorite 
Mean corpuscular hemoglobin Chlorite 

۱ Chlorate 
Mean corpuscular hemoglobin concentration Chlorite 


Lymphocytes Chlorine 


"Two-way analysis of variance yielded group-time interactions (RG values) « 0.05 in comparisons of treatment group values to 


those of the control group. 


o-way analysis of variance yielded group-time interactions (RG-values) = 0.05 in both the omnibus and treatment group-control 


group comparisons. 


“Linear regression analysis indicated a strong probability of change with respect to time; p-values = 0.05. 


mation (10, 11). The possibility of renal toxicity at 
high levels of chlorite ingestion was suggested by 
the increased kidney/body weight ratio reported by 
Heffernan et al. (7). Haller and Northgraves (12) 
and Fridlyand and Kagan (13) examined the chronic 
toxicity of orally consumed chlorine dioxide in rats; 
a slightly inereased two-year mortality rate and a 
decreased rate of weight gain were observed. Oral 
administration of chlorite (14 —16) to mice was shown 
to increase mean corpuscular volume, osmotic fra- 
gility, and glucose-6-phosphate dehydrogenase activ- 
ity of erythrocytes; morphologic changes were 
reported. In the African Green monkey, chlorine 
dioxide adversely affected thyroid function; chlorite 
ingestion yielded transient changes in hemoglobin 
levels and red cell count (17). The maternal toxici- 
ty, embryonic toxicity and the teratogenic potential 
of concentrations of sodium chlorite was evaluated 
in rats (18). 

Unfortunately, the information available on the 
impact of chlorine dioxide, chlorite, and chlorate 
ingestion in man is severely limited. Epidemiologi- 
cal studies (19,20) have failed to conclusively iden- 
tify any signifieant exposure related effects. The 
clinical evaluation described in this report was an 
attempt to elucidate the effects of the chlorite, 
chlorine dioxide and chlorate in man under con- 
trolled clinieal conditions. 

During the course of the three-phase study, a 
massive volume of raw data was acquired. Routine 
urinalyses were performed and a meticulous exam- 


the linear regression analysis were less than 0.05 
for four biochemical parameters. To gauge the rela- 
tive magnitude of change, the percent change of the 
normal range per week was computed. These sta- 
tistical analyses indicate a good probability that, for 
A/G ratio, T-4 (RIA), free thyroxine, mean cor- 
puseular hemoglobin concentration, and methemo- 
globin values, a change with respect to time occurs 
during the 12-week treatment period. However, in 
the absence of a concurrent control group and tak- 
ing into consideration the small group size and the 
possibility of laboratory drift, one must exercise 
caution in dealing with the results. We can say with 
confidence only that trends were indieated. We 
cannot say that these trends were of physiological 
origin nor can we attribute physiological consequence 
to them. 


Discussion 


Several researchers have addressed the physio- 
logical effects of oral ingestion of the oxidizing 
agents, chlorine dioxide, chlorite and chlorate. Musil 
et al. (9) associated oral chlorite ingestion with 
methemoglobin formation. In studies by Heffernan 
et al. (7,8), Abdel-Rahman et al. (5) and Couri et al. 
(6), hemolytic anemia and suppressed glutathione 
levels were observed in animals treated with chlo- 
rite. The oral administration of chlorate to labora- 
tory animals has been shown to induce oxidative 
destruction of hemoglobin and methemoglobin for- 
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ination of this body of information was made. No 
definitive finding of detrimental physiological impact 
was made in any of the three phases of this human 
investigation of the relative safety and tolerance of 
oral ehlorine disinfectant ingestion. In several eases, 
statistically significant trends were associated with 
treatment; however, none of these trends were 
judged to have immediate physiological consequence. 
One eannot rule out the possibility that, over a 
longer treatment period, these trends might indeed 
achieve proportions of clinieal importance. Howev- 
er, within the limits of the study, the relative safety 
of oral ingestion of chlorine dioxide and its metabo- 
lites, chlorite and chlorate, was demonstrated by 
the absence of detrimental physiological response. 
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When treating local infections of wounds, ulcers or an 
infected mucous membrane, the application of antiseptics 
instead of antibiotics is a reasonable alternative especially 
because bacteria are less able to develop resistance against 
them [5]. Presently the majority of the antiseptics used for 
wounds [6] are organic compounds. The most frequently 
applied ones [6] are chlorhexidine (chlorhexidine digluconate), 
octenidine  (octanidine dihydrochloride), ^ polyhexanide 
(polyhexametylene biguanide) and triclosan (5-chlorine-2-(2,4- 
dichlorphenoxy)-phenol). Notable exceptions are PVP-iodine 
(poly(vinylpirrolidone)-iodine complex) [6] where the active 
ingredient is iodine, and silver [7], both being inorganic 
compounds. 
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Introduction 


The emergence and dissemination of new antibiotic-resistant 
bacterial strains caused by an overuse of antibiotics [1] is a 
global public-health concern. Methicillin Resistant 
Staphylococcus aureus (MRSA) [1,2] and Carbapenem- or 
Extreme Drug-Resistant Acinetobacter baumannii [3,4] are only 
two well known examples for such bacteria attracting world 
wide attention. Moreover, while the number of antibiotic 
resistant infections is on the rise, the number of new antibiotics 
is declining [1,2]. As a result of such a dangerous situation, 
searches for new antimicrobial agents, as well as strategies 
including a switch from antibiotic to antiseptic therapies, 
whenever that is feasible, have been initiated. 
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CIO: Is a Size-Selective Antimicrobial Agent 


with CIO,, can be calculated. (Details of the reaction-diffusion 
model and the derivation of formulae estimating the killing time 
are given in the Information S1.) It was found that the 
characteristic time necessary to kill a microbe is only a few 
milliseconds. As CIO, is a rather volatile compound its contact 
time (its staying on the treated surface) is limited to a few 
minutes. While this stay is safely long enough (being at least 3 
orders of magnitude longer than the killing time) to inactivate all 
bacteria on the surface of the organism, it is too short for ClO, 
to penetrate deeper than few tenths of a millimetre; thus, it 
cannot cause any real harm to an organism which is much 
larger than a bacterium. 

In the Discussion part, it is shown that CIO, can meet the 
safety and effectiveness requirements for a local antiseptic. 
Next, the chemical mechanism of the antiseptic action of ClO, 
is discussed and compared with that of hypochlorous and 
hypoiodous acids (HOCI and HOI) which are „natural 
antiseptics. These hypohalous acids are used by neutrophil 
granulocytes, the most abundant type of white blood cells in 
mammals, to kill bacteria after phagocytosis. Both hypohalous 
acids and also CIO, attack sulfhydryl groups [18,19] which play 
an essential role in the life processes of all living systems, e.g. 
in ATP synthesis. That explains why bacteria were not able to 
develop resistance against HOCI during eons of evolution and 
why the emergence of CIO, resistant bacterial strains cannot 
be expected either. Besides this similarity, however, there are 
also important dissimilarities among these reagents, e.g. CIO, 
is more selective than HOCI. Last of all, circulation in 
multicellular organisms can provide some additional protection 
to these organisms against 2۰ 


Methods 


Materials 


Reagent grade chemicals were purchased from Sigma- 
Aldrich and pork skin gelatine from Fluka (48719). High purity 
chlorine dioxide solutions were produced according to our 
invention [13]. Dried pig bladders were purchased in the Great 
Market Hall of Budapest at the shop “Solvent 
(www.solvent.hu). These bladders are usually applied for kulen 
sausage production. 


Physico-chemical methods 


Measurement of CIO, permeation through protein 
membranes. The rate of CIO, transport was measured with 
the apparatus shown in Figure 1 through two kinds of protein 
membranes: gelatin and pig bladder membranes, respectively. 
Choosing a membrane geometry for the experiments is 
advantageous because then the problem is ,one dimensional”, 
the concentration is a function of only one spatial coordinate x, 
which is perpendicular to the membrane, and the concentration 
distribution can be given as c=c(x, f). 

As Figure 1 shows, the membrane is in a horizonta! position 
and the transport of CIO; takes place across the membrane 
bounded by two horizontal planes we denote by x=0 and x=d in 
our calculations, where d is the thickness of the membrane. 

Constant CIO, concentrations are maintained at both 
boundaries of the membrane, i.e. we have constant boundary 
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There are some other, less used, inorganic antiseptics such 
as aqueous sodium hypochlorite (NaOCl), or hydrogen 
peroxide (H,O,) solutions, or ozone (O4) gas which have some 
applications in dentistry [8]. These compounds, however, are 
mainly used as disinfectants because they can be toxic even in 
low concentrations, a property seriously limiting their antiseptic 
applications. NaOCl, for example, one of the most commonly 
used components of irrigating solutions in endodontic practice, 
can cause poisoning and extensive tissue destruction if it is 
injected (inadvertently) into periapical tissues in the course of 
endodontic therapy [9]. H,O, is also a double edged sword 
against bacteria as it also hurts living tissue [10]. Moreover, 
many bacteria are able to resist HO, as their catalase enzyme 
is able to decompose H,O, rapidly [11]. Thus, beside toxicity, 
resistance can be also a problem even with the use of 
inorganic disinfectants [5]. It would be therefore reasonable to 
choose an antiseptic which would be free of such problems. 
We believe that in this respect chlorine dioxide (CIO;) may be 
the right choice, moreover CIO, has other characteristic 
features favourable for antiseptic applications. 

In the last twenty or more years chlorine dioxide emerged as 
a new and popular inorganic disinfectant. It is often referred to 
as ,the ideal biocide" [12] because of its advantageous 
properties. In spite of that, as far as we know, CIO, solutions 
are not frequently used as antiseptic. This is because the 
available CIO, solutions were more or less contaminated with 
other chemicals applied in its synthesis and that contamination 
formed a major obstacle in medical applications like treating 
infected wounds, for example. Since 2006, however, with the 
help of an invention [13], it is relatively easy to produce high 
purity aqueous CIO, solutions. These solutions are already 
commercially available [14] and have been successfully used in 
dentistry [15] since 2008. Thus, it seems reasonable to ask the 
question whether the "ideal biocide" in its pure form can also be 
an "ideal local antiseptic" at the same time. 

Such an ideal local antiseptic should satisfy many criteria. 
First of all, it should be safe: it should act only locally to avoid 
the danger of systemic poisoning and should not inflict 
cytotoxic effects even in the disinfected area. In this respect, it 
is one of the main aims of the present work to find a 
reasonable answer for the following intriguing question: how is 
it possible that contacting or even drinking CIO, solution is 
practically harmless for animals [16] and human beings [17], 
while the same aqueous solution can be a very effective and a 
rapid killer for bacteria, fungi, and viruses? What is the basis of 
this unexpected selectivity? 

The answer suggested in the Results section is the following: 
the selectivity between humans or animals and microbes is 
based not on their different biochemistry, but on their different 
size. Denominating ClO, in the title as a ,size selective" 
antimicrobial agent aims to emphasize this new type of 
selectivity. To reach that conclusion, ClO, transport was 
studied experimentally via protein membranes. The results of 
these experiments were evaluated applying a reaction-diffusion 
model for the CIO, transport in a reactive medium to obtain the 
diffusion coefficient of CIO,, and the concentration of reactive 
groups in a protein medium. Based on these parameters the 
killing time, the time needed to flood a bacterium completely 
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of 1 M sulphuric acid, 1 ml of 1 M KI, and 0.5 ml of 0.01 M 
Na,S¿0; and as an indicator, two drops of 5 ۶ starch solution 
is also added. When CIO, enters the upper solution, it oxidizes 
iodide to iodine, which, in turn, is reduced back to iodide again 
by Na;9,0, as long as thiosulphate is in excess. However, 
when all thiosulphate is consumed, the intense blue-black 
colour of the starch-triiodide complex appears suddenly. The 
time £ when the whole solution becomes homogeneously black 
(the time of the ,black burst”) was recorded and another 0.5 ml 
of Na,S,0, solution was added with the help of the syringe 
shown in the Figure. Addition of the thiosulphate eliminated the 
blue-black colour immediately but, after a certain period, when 
enough new CIO, was transported across the membrane, it 
reappeared again. Then the cycle was repeated starting with 
the injection of a new 0.5 ml portion of the Na;,S,O, solution. 
The results of the measurements were depicted in a V=V(f) 
diagram where f is the time of the n-th dark burst and V 45 
ml that is the tota! volume of the thiosulphate solution added 
before the n-th breakthrough. 

The experiments were performed at laboratory temperature 
24 1 2 ۰, 


Preparation of the gelatin membrane 


To prepare a mechanically strong membrane, it was 
reinforced by filter paper and the gelatin was cross-linked with 
glutaraldehyde. As the cellulose in the filter paper does not 
react with ClO, from the point of our experiments, it is an inert 
material. 

10 ml of 10 % aqueous gelatin solution was mixed rapidly 
with 0.5 ml of 25 % glutaraldehyde solution at room 
temperature, and a filter paper disk (diameter. 10 cm) was 
soaked with the mixture. Then the disk was placed between 
two glass plates covered with polyethylene foils. Spacers were 
applied to produce a 0.5 mm thick membrane. After a 2 hour 
setting time the filter paper reinforced gelatin membrane was 
removed from the form and it was placed into distilled water 
overnight before the measurements. 


Preparation of the pig bladder membrane 

For the experiments, membrane disks with 10 cm diameters 
were cut from commercially available pig bladders and they 
were kept in distilled water for one day at *4 *C to stabilize 
their water content. The pig bladder membranes are slightly 
asymmetric: the surface of one side is smoother than the other. 
To obtain reproducible results, the membrane was always fixed 
in the apparatus with its smoother side facing downwards. 


Results 


Our results cover the following themes: First, we present and 
evaluate membrane transport experiments aiming to determine 


i) the diffusion coefficient of CIO2 D in a reactive protein 
medium, and 
ii) the concentration of reactive groups sO in that medium. 


To evaluate the membrane transport experiments we applied 
a reaction-diffusion model for the transport of CIO, in a medium 
containing reactive proteins. The details of that theory and the 
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Figure 1. Apparatus to measure CIO, transport through 
gelatine or pig bladder membranes. The two glass parts of 
the apparatus are held together by a pair of extension clamps 
(not shown in the Figure) which are fixed to a support stand by 
clamp holders. The active cross-section of the membranes is 
28 cm*. See text for the working principle. 

doi: 10.1371/joumal.pone.0079157.9001 


conditions: c(0,f)2cg and c(d,f)20, respectively. There is no 
CIO, in the membrane at the start of the experiment, so the 
initial condition: c(O<x<d,0)=0 (see Figure S1 in Information 
$1). 

While the lower face of the protein membrane is not in direct 
contact with the liquid phase, such direct contact would not 
make any difference regarding the ClO, transport. This is 
because the chemical potential of CIO, in the liquid and the 
vapour phase is the same due to the equilibrium between the 
liquid and the vapour phase established by continuous stirring. 

Above the protein membrane there is a silicone rubber 
membrane in order to block the transport of any other 
chemicals except ClO,. Silicone rubber is highly permeable for 
chlorine dioxide, but it is practically impermeable for other 
reagents [13]. This way the CIO, transport across the test 
membrane can be measured selectively. 

Both protein membranes had a thickness of 0.5 mm and a 
diameter of 10 cm. The diameter of the active area in the 
apparatus was 6 cm resulting in an active area of 28 cm?. The 
volume of the aqueous CIO, solution was 40 ml and its CIO, 
concentration was around 1000 ppm. (The exact value is given 
at each experiment.) 

After crossing the membranes, CIO, enters the upper 
aqueous solution which is made by mixing 10 ml of water, 2 ml 
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can be observed. In the first regime, the amount of the 
permeated CIO2 is very small, then, after a rapid transition 
period the cumulated amount of CIO2 increases linearly with 
time. Real dynamics can be approximated with the following 
simplified model: zero permeation is assumed at the beginning 
during a waiting period but right after that a constant diffusion 
current appears, thus, the permeated amount increases linearly 
with time. To characterize such a dynamic behaviour the 
concept of ,time lag" can be introduced: it is the time where the 
asymptote of the linear regime crosses the time axis [21]. 

Regarding the asymptotes of the corresponding curves, the 
time lag in the first and in the second experiment is ې‎ 627 s 
and T,, = 175 s, respectively. A logical explanation for this 
difference is that some CIO, is consumed inside the gelatin in 
the rapid reaction with methionine and tyrosine. So CIO, can 
break through only after it eliminates all these highly reactive 
amino acid residues. In the case of the second experiment, the 
breakthrough occurs earlier as most of these residues already 
reacted with CIO, during the first experiment. 

If we assume that in the second experiment the reaction 
plays a minor role only, then in that case, the time lag is 
entirely due to diffusion. Roughly speaking the diffusional time 
lag is the time necessary to establish a steady state 
concentration profile inside the membrane that is to "fill up" the 
membrane with CIO, Based on dimensional analysis 
considerations (the dimension of the diffusion coefficient is 
(length)/(time) ) we can expect that the time lag should be 
proportional with the square of the thickness and inversely 
proportional with the diffusional coefficient. Really, the exact 
result [21] is that the diffusional time lag Tp, for a membrane of 
thickness d can be calculated as: 


d? 
1 وو‎ p (1) 


pi 


Thus, with the assumption Tı, = Toy = 175 s, D, the diffusion 
coefficient of CIO, in the gelatin membrane can be calculated 
knowing that d = 0.5 mm. The result: D = 2.4105 1۰ 

D can be determined in another way as well, from the steady 
state regime. The steady state CIO, current is the slope of the 
curve in the linear regime. For the 2nd experiment ول‎ = 30 
nmol/s. Then Fick's law of diffusion 


J=A-D- 2ے‎ (2) 

can be applied to calculate D. Here A- 28.3 cm? is the active 

cross-section of the membrane and Ac is the concentration 

difference between the two sides of the membrane. Regarding 

our boundary conditions Ac=c = 20.1x10? M. This way D = 
2.6x10* cms" is obtained. 

The two D values, the one calculated from the time lag and 
the other calculated from the steady state, agree reasonably 
well indicating that indeed the 175 s time lag is caused mostly 
by diffusion and any delay due to chemical! reactions is 
negligible in the second experiment. 

On the other hand, in the first experiment, the time lag ہما‎ is 
caused mostly by the reaction between CIO; and the reactive 
amino acid residues (in short "substrates") in the membrane. It 
is important to realize that 744 is not due to a slowness of the 
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Figure 2. Permeation of CIO, through a gelatin membrane 
as a function of time £. Each point in the diagram represents 
a ,black burst” (see Methods). V is the cumulative volume of 
the 0.01 M Na,S,0, titrant added before the burst and N is the 
amount of CIO, permeated until time f. T,, = 627 s and ور‎ = 
175 s are time lags of the first and the second experiments, 
respectively. The concentration of CIO, source in the 
magnetically stirred aqueous solution was 1360 ppm (mg/kg) or 
20.1 mM. 

doi: 10.137 1/journal.pone.0079157.9002 


mathematical derivation of formulas applied in this section are 
given in the Information $1. Then, based on the experimentally 
determined D and Sọ we calculate Tu, the time needed to kill 
bacteria by CIO,, and p, the penetration depth of CIO, into 
human tissue during a wound healing treatment. 

CIO; permeation was measured via gelatin and pig bladder 
membranes. The apparatus is shown in Figure 1 of the 
Methods section. 


Permeation of CIO, through an artificial gelatin 
membrane 


Gelatin was our first choice for a model material because we 
wanted to study the CIO, transport in a protein medium with a 
known amino acid composition. Pork skin gelatin (Fluka 48719) 
contains only two amino acids that can react with CIO.: 
methionine (0.88 96) and tyrosine (0.6 96) [20]. 

Figure 2 shows the results of two consecutive experiments 
performed with the same gelatin membrane (see the two 
curves denoted as ist exp. and 2nd exp). After the first 
experiment, the membrane was removed from the apparatus 
and was kept in distilled water for 1 hour before the second 
experiment. 


Calculating the CIO, diffusion coefficient D and the 
effective concentration of CIO; consuming substrates 
S, in gelatin 

Figure 2 shows N, the cumulated amount of CIO2 permeated 
through the membrane as a function of time. 

(N was calculated from the titrant volumes V that are given in 
Table S1 in Information S1. together with the times t of 
addition.) ۱ is a common feature of both curves shown in 
Figure 2 that two characteristically different dynamical regimes 
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All the three measurements (indicated as 1st day, 2nd day 
and 3rd day) were performed with the same pig bladder 
membrane but on three successive days. The membrane was 
kept in distilled water at +4 *C overnight between the 
experiments which were always started with fresh solutions. 

To check the reproducibility of our measurements, we 
repeated the measurements with another pig bladder 
membrane (not shown in the Figure). While the new membrane 
was from a different pig bladder and its blood vessel pattern 
was also different, the relative deviation between the results of 
the two series of experiments was surprisingly small: only 
about 10 %. (The blood vessel structure of the membrane 
becomes visible as a dark network before a ,black burst 
because the permeability of the membrane is somewhat higher 
through those vessels.) 

Another interesting observation was that the pig bladder 
membrane maintained its integrity and its mechanical strength 
even after the third experiment. This is because CIO, reacts 
selectively with certain amino acid residues of the proteins but 
does not destroy the peptide bonds thus the primary protein 
structure can survive. 


Calculating the CIO, diffusion coefficient and the 
effective concentration of CIO, consuming substrates 
in pig bladder 

Evaluation of the results was made in a similar way as in the 
case of the gelatin membrane. It was assumed that the time lag 
measured in the third experiment 7,, 72226 s is a purely 
diffusional time lag that is 7,4 = Toy. The diffusion coefficient of 
CIO, in a pig bladder membrane calculated from the above 
assumption is D = 1.84x10° cms". That value is in good 
agreement with the D = 1.80x10* cms" value calculated from 
the steady state current ول‎ = 14.1 nmol/s of the 3rd experiment. 

As we can see, the diffusion coefficient of CIO, in a pig 
bladder tissue is only 30 % smaller than in the unstructured 
gelatin. This supports our assumption that the cellular structure 
of the pig bladder tissue does not matter too much from the 
point of the diffusional transport of CIO; as it can penetrate 
through the external and internal lipid membranes of the 
individual cells of the tissue. 

However, there is a more significant deviation between the 
pig bladder and the gelatin regarding ,وک‎ the effective substrate 
concentration. Assuming that the time lag in the first 
experiment 7,, = 2770 s is due to the chemical reaction, بر‎ = 
Tem then from (3) we get s; = 56 mM, indicating that the 
concentration of the reactive components in the pig bladder 
tissue is about two times higher than that is in the gelatin. This 
is a reasonable result as the animal tissue is denser, and it 
contains not only methionine and tyrosine like gelatin, but also 
cysteine and tryptophan residues. 

We would like to add that in a series of measurements 
performed with the same membrane the steady state CIO, 
current in the first experiment is always smaller than in the 
subsequent ones, although the CIO, source is not changed. 
This effect is more pronounced in the case of an animal 
membrane (compare the slope of the 1st day experiment with 
that of the other days). The phenomenon can be understood if 
we assume that some components, which are able to react 
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Figure 3. Permeation of CIO, through a pig bladder 


membrane as a function of time t. V and N have the same 
meaning like in Figure 2. ب7‎ = 2770 s, T,, = 586 s and T, = 
226 s are time lags of the experiments performed on the 1st, 
2nd, and 3rd day, respectively. The concentration of the CIO, 
source was 946 ppm (14.0 mM) in these experiments. 

doi: 10.1371/journal.pone.0079157.9003 


reaction kinetics (as the rate constants of the relevant CIO, — 
amino acid reactions are relatively high [22—24]), but it is due to 
the actual CIO, consumption by the reactions within the 
membrane delaying the breakthrough. If we assume that the 
rate of the chemical reaction is limited by the diffusional 
transport of CIO, across a zone already without reactive amino 
acids toward a zone of unreacted ones, then a sharp reaction 
front will develop on the boundary of the two zones (see Figure 
51 in Information S1). The front starting from one side of the 
membrane and driven by diffusion, propagates slowly through 
the membrane and Tp, is the time when it arrives to the other 
side of the membrane. According to a detailed derivation in the 
Information S1, Tay can be given by the so-called parabolic 
rate law (see equation (S12) in Information S1): 


MTD (3) 


where s, is the initial effective substrate concentration, i.e. 
the CIO, consuming capacity of the membrane in unit volume, 
and وہ‎ is CIO, concentration at the boundary of the membrane. 

Substituting the more reliable diffusion coefficient measured 
in the steady-state of the second experiment D 655 
cm’s and applying the assumption that Tay = 7,, = 627 s, the 
effective substrate concentration of the gelatin membrane s; 
can be calculated. The result: s; = 26.2 mM. 


Permeation of CIO, through a pig bladder membrane 

In this experiment, we studied the CIO; permeability of a pig 
bladder membrane which is a relatively thin (in our case it was 
0.5 mm thick) but sturdy animal tissue. The same apparatus 
was applied as in the case of the gelatin membrane and the 
experimental points were depicted in Figure 3 also with the 
same method. (Titrant volumes and the time of addition are 
given in Table 52 in Information S1.) 
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um we obtain that the killing time for a cylindrical bacterium 
with a diameter of 1 um is 


TKILL,C — 4.4 ms, 


while the killing time for a spherical bacterium with a 
diameter of 1 um is 


1 کو وړچ‎ 2.9 ms. 


As we can see, the killing time for a bacterium is only a few 
ms due to its small size. Even if Sẹ the effective substrate 
concentration of a bacterium would be an order of magnitude 
higher than we assumed, the killing time would be still less than 
0.1 s. Other approximations applied in our calculations can only 
overestimate the real killing time. For example, the diffusion 
coefficient of CIO, in the pig bladder was measured at 24 ٭‎ 2 
°C. If CIO, is used to disinfect a living human tissue, the 
temperature is higher, which means a larger diffusion 
coefficient and an even shorter killing time. Another 
approximation is the concept of fixed substrates. Inside a 
bacterium mobile substrates like glutathione [25], free amino 
acids and various antioxidants also occur. These small 
molecules can diffuse by and large freely within the bacterium. 
Nevertheless Tpu, would still work as a good upper estimate 
because the mobility of the substrate can only shorten the time 
needed for CIO, to reach these substrates and react with them. 
Furthermore, when the killing time Txu, is regarded as the time 
when the sharp front reaches the center of the sphere or the 
symmetry axis of the cylindrical bacterium, it will surely be 
overestimated, as it is not necessary to oxidize all the available 
substrate content of a bacterium to kill it. For example, it is 
enough to oxidize less than 40 96 of the methionine content of 
E. coli to achieve a 100 % kill [26]. 


Contact time and penetration depth of CIO, into human 
skin or wound 


When an organism is not submerged in the aqueous CIO, 
solution but the solution is applied on its surface only, as in the 
case of disinfecting wounds, the volatility of CIO, also has to be 
taken into account. The effective contact time is much shorter 
using a CIO, solution than with less or non-volatile 
disinfectants. According to our measurements, when a wound 
is covered with 3 wet and 3 dry layers of gauze more than 80 
% of CIO, evaporates from the bandage within one minute due 
to the high volatility of CIO, and to the high specific surface of 
the gauze. Thus, to give an upper limit for the penetration 
depth into the human tissue, we will assume that the initial CIO, 
concentration (cy = 4.45 mM, Solumium Oral®) is maintained for 
60 s, that is Toa, = 60 s, where Teo, denotes the contact time. 
As a zero-th estimate, we assume again that the human tissue 
has the same D and s, values like that of the pig bladder 
tissue. 

Applying the parabolic rate law (see equation (S13) in 
Information S1 where t = Tc5,) the penetration depth p can be 


estimated: 
2000۰7 con 
PV 
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with CIO; but only slowly, can remain in the pig bladder even 
after the first CIO, breakthrough. As it is shown in equation 
(S40) in the Information S1, the slow CIO; consumption of 
these components can explain a smaller quasi-steady state 
current. The fact that these components disappear from the 
membrane after keeping it in water overnight suggests that 
they are reaction products which can be leached out from the 
membrane or are unstable intermediates which decompose. 


Estimating the killing time for bacteria with cylindrical 
and spherical geometries 

We assume that a bacterium is killed when its whole volume 
is flooded by CIO,. To calculate the killing time, if we know the 
shape and the size of the bacterium, we would need two more 
parameters, the diffusion coefficient of CIO, D and the effective 
concentration of CIO, consuming substrates s, in the bacterial 
medium. In the absence of bacterial data it will be assumed 
that the parameters D and s; in the single cell of a bacterium 
are close to that what we have measured above in the animal 
cell aggregates of the pig bladder. A further simplifying 
assumption is that only spherical and cylindrical bacteria are 
considered. Numerical results are calculated for a diameter of 1 
um, which is a characteristic length-scale for bacteria. 
Mathematical formulas for the killing time and the penetration 
depth are derived in the Information S1. In this section only the 
results of those derivations will be given together with some 
qualitative explanations on their meaning. 

It will be assumed that the rate of the "CIO; — bacterium 
reaction” is also limited by the diffusion of CIO, to the fast 
reacting amino acid residues fixed in protein molecules like in 
the case of the much larger membranes and this way a sharp 
reaction front propagates from the cell wall toward the centre of 
the bacterium. 

Intuitively, the killing time T,,, should be analogous to the 
time lag Try in a membrane caused by a chemical reaction, 
because these are the times needed to flood the whole volume. 
We can expect, however, that the geometric factor should be 
different depending on the shape of the bacterium. For a 
cylindrical bacterium with a diameter of d the killing time is 

1 So d? 


TkILLC7 16 c; D (4) 
see equation (818) in the Information S1, and for a spherical 
bacterium also with a diameter of d it is 


T KILLS 24 cy D (5) 


according to equation (S24) in Information S1. We can see 
that (4) and (5) are analogous to (3) but the geometric factors 
for a cylinder and for a sphere are much smaller than for the 
planar membrane indicating that in these geometries the 
surface from where diffusion current is starting is relatively 
larger compared to the volume that has to be flooded. 

Substituting the pig bladder parameters D = 1.8x10° cms" 
and s, = 56 mM into formulas (4,5) together with the CIO, 
concentration applied in the wound healing experiments (see 
later) c; = 4.45 mM (Solumium Oral®, 300 ppm) and using d = 1 
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CIO, but their reaction products can be different. The 
importance of that difference and the protective role of SH 
groups and of the circulatory system, existing in a multicellular 
organism only, is also discussed. 


Safety and effectiveness requirements for a local 
antiseptic 

A local antiseptic should meet the following requirements to 
be considered as safe: 


i) it should act only locally to avoid systemic poisoning, and 
ii) it should not prevent or delay the process of healing, i.e. it 
should not be cytotoxic. 


and as effective: 


iii) it should be effectual in relatively low concentrations, and 
even in biofilms (biofilms are medically important, accounting 
for over 80 percent of microbial infections in the body [29]) as 
well, and 

iv) microbes should not be able to develop resistance against 
it (a problem related to the biochemical mechanism of action). 


As it was shown in the Results section ClO, as a size 
selective antiseptic, meets requirements i) and ii). Thus only 
criteria iii) and iv) are discussed here. 


Comparing the biocidal activity of CIO, to that of other 
antiseptics (criterion iii) 

In free aqueous solutions, the strongest chemical disinfectant 
is ozone. In biofilms, however, the performance of ozone is 
rather poor. In addition, ozone is toxic and decomposes in 
aqueous solutions rapidly. (Its half life is only 15 min at 25 *C at 
pH 7.) All of these disadvantageous properties of ozone 
prevent its use as an antiseptic in most applications. 

The second strongest disinfectant after ozone is chlorine 
dioxide. Tanner [30] made a comparative testing of eleven 
disinfectants on three test organisms (including two bacteria: 
Staphylococcus aureus and Pseudomonas aeruginosa and one 
yeast Saccharomyces cerevisiae). He found that the 
disinfectant containing CIO; had the highest biocidal activity on 
a mg/l basis against the test organisms. Beside antibacterial 
and antifungal properties, ClO, also shows strong antiviral 
activity, about ten times higher than that of sodium hypochlorite 
[31]. And it inactivates practically all microbes including algae 
and animal planktons [32] and protozoans [33]. 

Moreover ClO, can remove biofilms swiftly [12] because it is 
highly soluble in water and unlike ozone it does not react with 
the extracellular polysaccharides of the biofilm. This way CIO; 
can penetrate into biofilms rapidly to reach and kill the 
microbes living within the film. 


Impossibility of bacterial resistance against CIO, 
(criterion iv) 

CIO, is a strong, but a rather selective oxidizer. Unlike other 
oxidants it does not react (or reacts extremely slowly) with most 
organic compounds of a living tissue. ClO, reacts rather fast, 
however, with cysteine [22] and methionine [34] (two sulphur 
containing amino acids), with tyrosine [23] and tryptophan [24] 
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PlTcon = 60 s) = 41.5 um. We remark that (6) can be derived 
from (3) directly if we realize that for the present problem d = p 
and Tay = Toon. 

Nevertheless, the actual penetration depth into a living tissue 
- either its surface is a wound or an intact human skin — should 
be even much smaller than the above estimate. This is due to 
the capillary circulation which is present in living tissue but is 
absent from dead tissue like the pig bladder membrane used 
for the measurements. The serum in the blood vessels and 
also the extracellular fluid contain many components capable 
of reacting rapidly with CIO,. The fluid transport of these 
reactive components in the blood capillaries of the dermis [27] 
can maintain a finite reactant concentration in that region. Then 
the diffusive transport of these reactants outward from the 
dermis into the epidermis [27] can halt an inward propagating 
reaction front establishing a steady state. 

Moreover, in the case of intact human skin, CIO, should 
permeate through the stratum corneum [28] first, which is the 
10-40 um thick outermost layer of epidermis consisting of 
several layers of dead cells. This keratinous layer forms a 
barrier to protect the underlying tissue from infection, 
dehydration and chemicals. The diffusion coefficient of CIO, in 
that layer should be much lower compared to the underlying 
tissue. 

As we can see, the penetration depth into human skin is only 
few tens of a micrometer even if we neglect circulation. Such 
shallow penetration cannot really harm human tissues. On the 
other hand, this short contact time is still several orders of 
magnitude larger than the killing time, Teon >> Tru, which is 
the necessary criterion of a successful disinfection. 


Therapeutic window 


The above formulas and calculations indicate that 
disinfection of living tissues with aqueous CIO, solutions has a 
very wide therapeutic window: while surprisingly low 
concentrations and short contact times are able to kill bacteria, 
much higher concentrations and residence times are still safe 
to use. 

There is one notable exception: inhaling high concentration 
ClO, gases for an extended time can be dangerous for human 
health because the alveolar membrane is extremely thin (a 
mere 1-2 microns and in some places even below 1 micron). 
The effect of ClO, in these membranes is somewhat 
counterbalanced, however, by the intense blood circulation 
there. 


Discussion 


In this section first we díscuss whether CIO, should be 
regarded as an "exotic" antiseptic only or it has the promise to 
become a commonly used antiseptic to treat local infections. 
To this end safety and effectiveness requirements for a local 
antiseptic are collected to check how CIO, can meet these 
requirements compared to other antiseptics. 

Next a biochemical action mechanism, explaining the 
antiseptic effect of CIO, is discussed, which is partly analogous 
to that of hypochlorous and hypoiodous acids. These "natural" 
antiseptics also react, among others, with sulfhydryl groups like 
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iti) HOCI is a more drastic reagent and causes irreversible 
damage. For example CIO, oxidizes glutathione (GSH) mainly 
to glutathione disulfide (GSSG) [22] which can be reduced 
back to GSH easily in a natural way in the body. On the other 
hand, HOCI can attack disulfide bonds and oxidizes GSH 
mostly to glutathione sulfonamide (GSA) [44] causing an 
irreversible loss of the cellular GSH. 


Sulfhydryl groups and circulation can protect 
multicellular organisms from CIO, inflicted irreversible 
damage 

As it was mentioned, the ClO, —SH group reaction has the 
highest rate constant among the ClO, - amino acid reactions. 
(Cysteine or GSH [22] reacts about 50 times faster than the 
runner up tyrosine.) Consequently, as long as some SH groups 
are present (mostly in the form of GSH), these groups react 
with CIO; rapidly protecting other amino acid residues from 
oxidative damage. Moreover the oxidation of SH groups to 
disulfide bonds can be reversed. An interesting example was 
presented by Müller and Kramer [45,46]. They found that the 
cytotoxic effect of povidone-iodine after a 30 min contact with 
murine fibroblast was only temporal: after a 24 hour culture 
without the antiseptic an unexpected revitalization of the 
fibroblasts was observed [45]. According to Winterbourn and 
co-workers [47], HOI (the reactive hydrolysis product of iodine) 
also oxidises GSH to GSSG but not to GSA. That parallelism 
between the reversible HOI-GSH and the ClO,-GSH reactions 
raises the question whether an analogous revitalization might 
be also possible in the case of CIO,. This question is all the 
more justified since in some animal experiments [16] rats were 
drinking water containing 200 ppm CIO; for 90 days but without 
developing any gastrointestinal problems. In those experiments 
all CIO, must have reacted with the animal tissues as it cannot 
evaporate from the stomach of the rats. To interpret that result 
it is reasonable to assume that SH groups transported by the 
circulation system of the rodent protected the epithelial cells in 
its gastrointestinal tract from an irreversible oxidation by CIO». 

Above a certain limit, however, when a too high percentage 
of the protective SH groups is already oxidized, ClO, would 
inflict irreversible changes to the higher order protein structures 
by oxidizing the tyrosine and tryptophan residues [48]. That 
would certainly happen with the bacteria on the surface of an 
infected tissue as their GSH supply [26] can be rapidly 
exhausted by CIO, Mammalian cells below the surface, 
however, might survive being supported by the circulation 
which transports protective sulfhydryl and other reductive 
compounds to the cells, continuously repairing or even 
revitalizing them. 

Thus beside their size there is another important difference 
between single cell and more complex multicellular organisms: 
it is the circulation which can help the cells of a multicellular 
organism to survive while that type of help is not available for a 
bacterium. 


Conclusion 


Chlorine dioxide is a size selective antimicrobial agent which 
can kill micron sized organisms rapidly but cannot make real 
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(two aromatic amino acids) and with two inorganic ions: Fe?* 
and Mn**. It is generally assumed that the antimicrobial effect 
of CIO, is due mostly to its reactions with the previously 
mentioned four amino acids and their residues in proteins and 
peptides. In the peptide group it is important to mention 
glutathione — a small tripeptide containing cysteine — which is a 
major antioxidant in cells, with an intracellular concentration of 
0.1-10 mM [35]. 

Margerum's group [22-24] reported the following second 
order rate constants at pH 7 and 25 °C: cysteine 1x10’ 7 
>> tyrosine 1.8×10 M's" > tryptophan 3.4x10* Mis, As can 
be seen, cysteine is the far most reactive amino acid because 
of its thiol group. As the above mentioned four amino acids and 
especially cysteine and biological thiols play a crucial role in all 
living systems, including microbes, it is impossible for any 
microbe to develop a resistance against chlorine dioxide. 

As an important analogy we can mention that bacteria have 
never been able to become resistant against hypochlorous acid 
(ROCI) either, which is an important natural antiseptic used by 
neutrophils for millions of years. Neutrophils, a type of white 
blood cells, are phagocytes which kill the engulfed microbes by 
applying various hydrolytic enzymes and hypohalogeneous 
acids, chiefly HOCI [36,37]. On that basis Robson and co- 
workers applied HOCI as a kind of ,natural" wound care agent 
[38,39]. Thus, it is reasonable to compare the action 
mechanisms and other properties of ClO, and HOCI as 
antiseptic agents. 


Comparison of CIO, and HOC! as possible antiseptic 
agents 


HOCI, like ClO,, reacts rapidly with the sulphur containing 
amino acid residues of methionine and cysteine, the second 
order rate constant (at pH 7.4 and 22 °C) being 3.8x107 ٤ 
and 3.0107 Mis, respectively, and also reacts with 
tryptophan (1.1x10^ Mist) and tyrosine (44 Ms“) [40]. 
However, unlike ClO,, HOCI reacts rapidly with many other 
amino acid residues and even with peptide bonds [40], and 
many other compounds such as carbohydrates, lipids, 
nucleobases, and amines [41]. 

As we can see the important similarity is the fast reaction of 
both HOCI and ClO, with the SH group of cysteine. This is 
important because it is assumed that abolition of ATP synthesis 
and killing bacteria by HOCI is due to its reaction with sulfhydryl 
groups [18]. It is a logical assumption that CIO, can also stop 
the ATP synthesis as it reacts with the very same SH groups 
like HOCI. 

At the same time, however, there are important dissimilarities 
between HOCI and CIO»: 


i) HOCI is much less specific and reacts rapidly with 
numerous other substrates. Thus killing bacteria with HOCI 
requires more reagent than with CIO,. 

ii) While CIO, evaporates rapidly from its aqueous solution 
and can reach and kill bacteria even through a gas phase, e.g. 
through an air bubble blocking a dental root canal [42], 
evaporation of HOCI is not significant. Thus HOCI stays at the 
disinfected area for a long time even after killing all bacteria 
which can cause inflammation there [43]. 
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harm to much larger organisms like animals or humans as it is 
not able to penetrate deeply into their living tissues. Moreover 
the circulation of multicellular organisms can provide an 
additional protection to these organisms against CIO,. 

It is an aim of the present work to initiate clinical studies 
hoping that CIO, could be applied to treat various local 
infections, especially where bacterial resistance is a problem. 
We have already obtained an official permission [49] to start 
such studies. 
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concentration profiles in a hydrogel slab. Table S1. Data 
depicted in Figure 2 (the cumulative volume V of the 0.01 M 
Na,S,0, titrant added until time f). Table S2. Data depicted in 
Figure 3 (the cumulative volume V of the 0.01 M Na,S.0, titrant 
added until time £). 
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Coalición Mundial Salud y Vida 
-COMUSAV- 


Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en humanos y 
otros mamíferos, basado en el reporte de la U.S. Enviromental Protection Agency (EPA): 
CHLORINE DIOXIDE AND CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado 
en el año 2,000. 

En letras cursivas van los comentarios y la comparación de los resultados publicados en los 
reportes de investigación con las dosis de ingesta que se están proponiendo por los médicos de 
COMUSAV, para prevenir o para tratar pacientes de COVID 19. 


Antecedentes: 


La FDA reporta en su sitio Web (https://www.fda.gov/news-events/press- 


announcements/actualizacion-del-coronavirus-covid-19-la-fda-advierte-empresa- 
comercializa-productos-peligrosos, de fecha 8 de abril del 2020), los efectos adversos del dióxido 
de cloro a la salud humana, y lo ha difundido masivamente en los medios, tanto escritos como en 
las redes sociales. Por otro lado, las instituciones de salud de cada país han copiado este aviso y 
lo transcriben tal cual, en sus medios de comunicación, sin verificar la certeza de estas 
aseveraciones. Entre los síntomas adversos que reporta la FDA incluye los siguientes: 





1. Insuficiencia respiratoria causada por una condición grave en donde la 
cantidad de oxígeno que se transporta a través del torrente sanguíneo se 
reduce considerablemente (metahemoglobinemia). 

Cambios en la actividad eléctrica del corazón (prolongación del QT), lo que 
puede llevar a ritmos cardíacos anormales y posiblemente mortales. 

Baja presión arterial mortal causada por deshidratación. 

Insuficiencia hepática aguda. 

Conteo bajo de células sanguíneas, debido a la rápida destrucción de los 
glóbulos rojos (anemia hemolítica), lo que requiere una transfusión de sangre. 
Vómitos severos. 


N 


دہ ج ي oO‏ 


Sin embargo, dicho aviso no indica si estos síntomas son por la ingesta o por la inhalación del 
gas dióxido de cloro, condiciones totalmente distintas en cuanto a los efectos que esta molécula 
causa al organismo. Además, no deja claro si dichos síntomas son por el uso del producto 
conocido en internet como MMS (Magistral Mineral Solution) o por la solución de dióxido de 
cloro (CDS) a una concentración de solo 0.3 g/litro (3,000 ppm). Solo hace mención a: "es un 
producto líquido que se vende con 28% clorito sódico en agua destilada y con instrucciones de 
uso para que los consumidores mezclen la solución de clorito sódico con ácido cítrico, jugo de 
limón o lima, u otro ácido como el ácido clorhídrico, antes de tomarlo. Además de referir que el 
clorito sódico se vende como parte de un kit con un ácido cítrico que sirve como activador y al 
mezclarse produce dióxido de cloro, un potente agente blanqueador que causa serios efectos 
colaterales que comprometen la vida". Por lo que se asume que se refiere al MMS y no al Dióxido 
de cloro en solución (el cual se encuentra ya preparado). Tampoco se indican las dosis a las que 
se podrían causar los síntomas arriba descritos. 


Por otro lado, la Coalición Mundial Salud y Vida (COMUSAV) que agrupa a 3,000 médicos de 
19 países del mundo reporta, por el contrario, que el dióxido de cloro, utilizado a la dosis correcta 
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es una molécula capaz de prevenir y ser tratamiento ante el COVIDI9. (afirmaciones basadas en 
prácticas de campo y estudios científicos observacionales retrospectivos en humanos amparados 
en la declaración de Helsinski de la Asociación Médica Mundial que en su artículo 37 dice a la 
letra: 

Intervenciones no probadas en la práctica clínica 

Artículo 37: Cuando en la atención de un paciente las intervenciones probadas no existen u otras 
intervenciones conocidas han resultado ineficaces, el médico, después de pedir consejo de 
expertos, con el consentimiento informado del paciente o de un representante legal autorizado, 
puede permitirse usar intervenciones no comprobadas, si, a su juicio, ello da alguna esperanza 
de salvar la vida, restituir la salud o aliviar el sufrimiento. Tales intervenciones deben ser 
investigadas posteriormente a fin de evaluar su seguridad y eficacia. En todos los casos, esa 
información nueva debe ser registrada y, cuando sea oportuno, y puesta a disposición del 
püblico. 


Revisión de literatura científica relacionada con la toxicidad del dióxido de cloro (CDS) 

Para ello se recurrió a uno de los reportes más completos al respecto, el cual fue generado por 
otra agencia de los Estados Unidos de América: la U. S. Environmental Protection Agency (U.S. 
EPA" CHLORINE DIOXIDE AND CHLORITE (CAS Nos. 10049-04-4 and 7756-19-2) In Support 
of Summary Information on the Integrated Risk Information System (IRIS) September 2000”), la 
cual emitió un reporte donde analiza la posible toxicidad tanto del dióxido de cloro, como del 
clorito de sodio, y las dosis a las que dicha toxicidad podría ocurrir en caso de ser ingerido. En 
este reporte que realiza COMUSAV el análisis se reduce específicamente al dióxido de cloro 
ingerido por vía oral, el producto que ha mostrado cualidades preventivas y de tratamiento ante 
el COVID 19, según manifiestan los médicos de los diversos países de esta organización. 


Diferencias entre el CDS y MMS. | 

Mucho se ha vertido en los medios sobre el riesgo de consumir MMS y con mucha frecuencia suele 
confundirse con CDS (Solución de dióxido de cloro). Es importante clarificar que el MMS es una 
solución que se prepara a partir de la mezcla de algunas gotas de cada uno de los dos reactivos: 
Clorito de sodio, por un lado, y un ácido que puede ser cítrico o clorhídrico. À esta mezcla se 
agrega en un litro de agua, se deposita en una botella, se cierra herméticamente y se ingiere a lo 
largo del día. El problema de esta mezcla es que ninguno de los dos reactivos es químicamente 
puro y al tomar la mezcla de estos se ingieren las impurezas que traen ambos reactivos. Estas 
impurezas o subproductos químicos pueden generar malestares como diarreas, vómitos y otros 
efectos colaterales que, aunque no son de gravedad, no dejan de ser molestias, en especial cuando 
se bebe una dosis elevada de estos productos debidos a la mala información que existe en el 
público en general, quienes por la urgencia sanitaria que se vive al intentar prevenir o tratar el 
COVID 19, lleva a no acudir a una asesoría o consulta médica y a consumir productos que no 
han sido preparados bajo la supervisión de químicos capacitados en la elaboración. 


Por otro lado, el otro compuesto que solo contiene dióxido de cloro disuelto en agua (CDS) a una 
concentración de 3,000 ppm (mg/L) no contiene las impurezas que contiene el denominado MMS 
proveniente de la mezcla de los dos reactivos descritos arriba. En el caso del CDS se trata de un 
compuesto sumamente puro, pues las dos sustancias se ponen a reaccionar en un recipiente que 
contiene adentro otro pequeño contenedor donde se lleva a cabo la reacción química y de donde 
se genera el gas dióxido de cloro que saturará el agua que esta por fuera de este recipiente. Es 
importante aclarar sin lugar a duda que el dióxido de cloro en solución no contiene absolutamente 
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nada de clorito de sodio, ni de algún ácido, como se he pretendido confundir en varios spots 
publicitarios que pretenden denostrar la solución del dióxido de cloro. Otra forma de producir el 
dióxido de cloro es por electrolisis. 


En base al procedimiento de su preparación, la solución CDS contiene un elevado grado 
de pureza, pues solo contiene el dióxido de cloro disuelto en agua. En resumen, el MMS contiene 
impurezas que pueden causar malestar al ser ingerido, pero el dióxido de cloro en solución, 
conocido también como CDS, solo contiene el gas dióxido de cloro a una concentración de solo 
0.3 g/L disuelto en agua y del cual se toman solo 5 a 10 ml para ser ingeridos a lo largo del día, 
disueltos en un litro de agua fría. Esta gran diferencia permite que la solución de dióxido de cloro 
sea inocua y sumamente tolerable para ser ingerida en diversas dosis sin causar ningún malestar 
o riesgo para la salud. Los problemas que pudieran existir con relación a la variación de la 
calidad del producto se eliminarían si existiera una estrecha colaboración entre las Agencias, 
Comités o Entidades reguladoras en cada país con la COMUSA V para llevar a cabo la supervisión 
en la elaboración del Dióxido de cloro en solución y asegurar su adecuada calidad, tal como ya 
se ha establecido por ley en el país de Bolivia. 


Introducción 

Este documento se centra solo en la toxicidad por ingesta del compuesto dióxido de cloro, y 
no trata los aspectos de toxicidad por inhalación, pues esa parte no es del interés de esta revisión 
de literatura, además, es bien sabido que aspirar este gas resulta perjudicial para la salud. Por 
otro lado, las dosis reportadas en cada uno de los citados estudios sobre toxicidad se comparan 
con las dosis que se utilizan en la prevención y tratamiento de COVID 19, por los médicos de 
COMUSAV, que van de 5 a 10 ml/día de una solución de dióxido de cloro a una concentración de 
3,000 ppm (5 ml para gente poco expuesta y 10 ml para gente más expuesta, como por ejemplo el 
personal de salud que está atendiendo pacientes COVID 19 u otro personal que por su actividad 
de servidor público se encuentre expuesto a una carga viral elevada. Dicha cantidad de solución 
madre de 3,000 ppm se disuelve en un litro de agua fría y se bebe durante el día. Es decir, esto 
equivale a una dosis de 15 a 30 mg/día en pacientes adultos con un peso promedio de 60 kg, un 
valor que oscila entre 0.25 y 0.50 mg/kg -día. Contra esta dosis estaremos comparando todos los 
reportes que se presentarán a lo largo de esta revisión bibliográfica, tomada de fuentes científicas 
debidamente acreditadas. 


Propiedades físicas del compuesto 

El dióxido de cloro (CIO?) es un gas con un peso molecular de 67.46, un punto de ebullición 
de 11 °C, una solubilidad en agua de 3,000 mg/L a 25°C y presenta una gravedad específica de 
1.642 a 0°C (Budavan et al., 1989). 


Absorción gastrointestinal 

Después de la ingestión, el dióxido de cloro se absorbe rápidamente por el tracto digestivo. 
Los niveles plasmáticos máximos se observan 2 horas después de su ingestión y se estima que al 
menos el 30% de la dosis de prueba ingerida fue absorbida (Abdel-Rahman et al., 19792). 


Distribución en el organismo después de su ingesta 
Una vez ingerido el compuesto se distribuye por todo el cuerpo, pero las concentraciones más 
altas se encontraron en la sangre, el estómago y el intestino delgado (Abdel-Rahman et al., 1982). 
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Setenta y dos horas después de la ingesta de una dosis única de 100 mg/L, la mayor parte del cloro 
se detectó en la forma de ion cloruro (CT), y la proporción de cloruro a clorito (C102) fue de 4 a 1 
(Abdel-Rahman et al., 1979b). 


Metabolismo 

El ion cloruro es el metabolito final del dióxido de cloro en el organismo, acumulándose en 
orina y plasma en 87 y 80% respectivamente. ۸ partir de una solución ingerida de 100 mg/litro y 
utilizando cloro marcado radiactivamente para seguir su curso en el organismo, el clorito fue un 
metabolito importante, representando aproximadamente el 11% en la orina y el 21% en plasma del 
total del cloro del dióxido de cloro marcado (Abdel-Rahman et al., 1979b). Un estudio de 
recuperación in vivo en ratas, realizado por Bercz et al. (1982) sugiere que el dióxido de cloro 
ingerido se reduce rápidamente en el estómago a especies no oxidantes (presumiblemente cloruro). 


Eliminación 

La forma química en la que se elimina el dióxido de cloro es a través de orina y heces. Setenta 
y dos horas después de la ingesta de dióxido de cloro marcado en ratas, el 31 y el 10% de éste fue 
excretado en la orina y las heces, respectivamente y la relación de CF a CIO», fue de 5 a 1 durante 
las primeras 24 horas y de 4 a 1 durante las primeras 72 horas (Abdel-Rahman et al., 1979b). 


Identificación de riesgos en humanos 

La toxicidad a corto plazo del dióxido de cloro se evaluó en dos estudios en humanos. En 
el primer estudio Lubbers et al. (1982) evaluaron a un grupo de 10 adultos varones sanos de 70 kg 
de peso, que ingirieron una dosis única de 0.34 mg/kg de peso vivo. En el segundo estudio (Lubbers 
et al., 1984a) evaluaron la ingesta 0.04 mg/kg-día, durante 12 semanas. después de realizar 
Observaciones y exámenes físicos. Dentro de éstos incluyeron, los signos vitales como presión 
arterial, frecuencia del pulso, tasa de respiración y temperatura corporal, también parámetros de 
química clínica sérica (incluyendo glucosa, nitrógeno de urea, fósforo, fosfatasa alcalina y 
aminoácidos de aspartato y alanina), así como niveles de triyodotironina sérica (T3) y tiroxina (14) 
al igual que parámetros hematológicos. Ninguno de los dos estudios reportó alteraciones 
fisiológicamente relevantes en la salud general. 


Consumo de agua potable desinfectada con dióxido de cloro. 

Michael et al. (1981), Tuthill et al. (1982) y Kanitz et al. (1996) compararon comunidades 
que consumían agua potable desinfectada con dióxido de cloro versus comunidades que no usaban 
este reactivo químico y compararon su efecto por medio de análisis de sangre. El estudio duró 10 


semanas y se realizó con 118 individuos. La ingesta media de dióxido de cloro en las comunidades : 
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que lo consumían fue de 0.15 mg/kg al día. Estos investigadores reportan que no se detectaron 
alteraciones hematológicas o en química sérica en este estudio. Este valor de 0.15 mg/kg-día es 
moderadamente cercano a los valores que utiliza COMUSAV para prevenir y de tratamiento ante 
COVID 19, que van de 0.25 a 0.50 mg/kg-día. 


Tuthill et al. (1982) compararon retrospectivamente los datos de morbilidad y mortalidad 
infantil para una comunidad que había utilizado niveles "altos" de dióxido de cloro como 
desinfectante de agua potable en la década de 1940 con datos de una comunidad vecina que 
utilizaba prácticas convencionales de cloración de agua potable, desafortunadamente no 
informaron de las concentraciones de dióxido de cloro en el agua tratada. La exposición al agua 
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tratada con dióxido de cloro no afectó negativamente a la mortalidad fetal, neonatal, post neonatal 
o infantil, ni afectó el peso al nacer, la proporción sexual o la condición de nacimiento. 


Por su parte, en Italia Kanitz et al. (1996) dieron seguimiento a 548 nacimientos en el Hospital 
Galliera de Génova y 128 nacimientos en el Hospital Chiavari, en Chiavari, durante 1988-1989. 
Las mujeres en Génova fueron expuestas a agua filtrada desinfectada con dióxido de cloro, 
hipoclorito de sodio, o ambos; los niveles de trihalometano variaron de 8 a 16 ppb en agua tratada 
con hipoclorito sódico y de 1 a 3 ppb en agua desinfectada con dióxido de cloro. Los autores del 
estudio concluyeron que los bebés de mujeres que consumían agua potable tratada con compuestos 
de cloro durante el embarazo tenían un mayor riesgo de adquirir ictericia neonatal, circunferencia 
craneal menor de 35 cm y longitud corporal menor de 49.5 cm. Sin embargo, los datos de referencia 
atípicos plantean preocupaciones sobre la población testigo seleccionada para este estudio y 
dificultan la interpretación de cualquier comparación con el grupo expuesto, excluyendo así la 
capacidad de sacar conclusiones de este estudio (Selevan, 1997), por lo que dicho trabajo no puede 
ser considerado confiable para dilucidar las conclusiones reportadas por los autores que lo 
generaron. 


Efectos de largo plazo del dióxido de cloro. 

Daniel et al., (1990) trabajaron con ratas de la línea Sprague-Dawley y expusieron grupos 
de 10 machos y 10 hembras al dióxido de cloro en el agua potable durante 90 días, a dọsis 
administradas de 0, 2, 4, 6 ó 12 mg/kg-día de dióxido de cloro para machos; y 0, 2, 5, 8 ó 15 mg/kg- 
día de dióxido de cloro para las hembras. La exposición a 12 mg/kg-día, dio lugar a reducciones 
significativas en el peso corporal final. También se observaron disminuciones en el consumo de 
alimentos en la dosis más alta. Los pesos hepáticos absolutos disminuyeron en los machos a partir 
de la dosis de 6 mg/kg-día y los pesos absolutos del bazo disminuyeron en las hembras a partir de 
la dosis de 2 mg/kg-día. No. se observaron alteraciones consistentes en los parámetros 
hematológicos (recuentos totales y de leucocitos totales y diferenciales, niveles de hemoglobina, 
hematocrito y volumen corpuscular medio, medido). Los niveles séricos de lactato deshidrogenasa 
y aspartato aminotransferasa disminuyeron y los niveles séricos de creatinina aumentaron en los 
machos expuestos a 6 y 12 mg/kg-día. No se encontraron otras alteraciones en los parámetros de 
química sérica. Por lo tanto, 2 mg/kg-día se podría considerar como un nivel en el cual no se aprecia 
un efecto adverso (NOAEL). Esta dosis es 4 a 6 veces más alta que la dosis que han usado los 
médicos de COMUSAV para prevenir y de tratamiento ante el COVID 19. 


En un estudio de toxicidad crónica realizado por Haag (1949), grupos de siete ratas macho 
y siete ratas hembra fueron expuestos a dosis de dióxido de cloro de: 0, 0.07, 0.13, 0.7, 1.3 y 13.0 
mg/kg-día según lo calculado por la EPA de los Estados Unidos, durante 2 años. La supervivencia 
en el grupo de 13 mg/kg al día disminuyó significativamente. No se observaron alteraciones 
relacionadas con el dióxido de cloro en el examen histopatológico de animales representativos (2- 
6/sexo) de cada grupo. Para este estudio identificaron un nivel en el cual no se observa ningün 
efecto adverso (NOAEL), de 1.3 mg/kg-día y un nivel de efectos francos (FEL), basado en una 
disminución de la supervivencia, de 13 mg/kg-día. En este estudio el valor NOAEL fue menor que 
en el estudio de Daniel et al. (1990), pero, aun así, es 3 a 5 veces más alto que las dosis usadas 
para prevenir o de tratamiento ante el COVID 19, propuesto por la COMUSAV. 


Bercz et al. (1982) utilizaron un diseño de dosis ascendente en el que cada animal servía 
como su propio control. Cinco monos verdes africanos adultos y siete hembras (Cercopithecus 
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aethiops) fueron expuestos a 0, 3.5 y 9.5 mg/kg-día de dióxido de cloro. En este estudio no se 
presentaron alteraciones significativas en la química clínica hematológica (eritrocitos, leucocitos 
totales y diferenciales, recuentos de reticulocitos, niveles de hemoglobina, hematocrito, fragilidad 
osmótica y niveles de metahemoglobina) o en química clínica sérica (creatinina, nitrógeno de urea 
en sangre [BUN], fosfatasa alcalina, deshidrogenasa de lactato y alanina y aspartato 
aminotransferasa) o aumento de peso corporal. Los niveles séricos de T4 disminuyeron 
significativamente en los monos expuestos a dióxido de cloro de 9.5 mg/kg-día. Así, este estudio 
identifica un NOAEL de 3.5 mg/kg-día y un LOAEL de 9.5 mg/kg-día, para alteraciones en los 
niveles de hormona tiroidea en monos expuestos al dióxido de cloro en el agua potable durante 4- 
6 semanas. Para este estudio, la NOAEL, es decir el nivel más bajo en el que no se observan 
efectos adversos es de 3.5 mg/kg-día, es decir 7 a 14 veces más alto que el usado para prevenir o 
de tratamiento ante el COVID 19 propuesto por la COMUSAV. 


Abdel-Rahman y col. (1984b) expusieron grupos de cuatro ratas macho Sprague-Dawley a 
dosis logarítmicamente consecutivas de 0, 0.1, 1, 10 y 100 mg/kg-día. Estos investigadores 
evaluaron el peso corporal de las ratas y algunas variables hematológicas como: fragilidad 
osmótica, hematocrito, y hemoglobina. Sin embargo, la falta de una relación consistente entre la 
dosis y las alteraciones hematológicas y el pequefio nümero de animales (solo cuatro 
machos/grupo) confunden la interpretación del estudio, lo que dificulta obtener conclusiones 
definitivas de este trabajo. De igual forma, Couri y Abdel-Rahman (1980) realizaron una 
investigación en ratas Sprague-Dawley (cuatro machos/grupo) con 4 niveles de dióxido de cloro 
además del testigo (0, 0.1, 1, 10 6 100 mg/kg-día) y estudiaron los niveles de glutatión reductasa 
en sangre, glutatión peroxidasa y niveles de catalasa en eritrocitos. Sin embargo, al igual que con 
Abdel-Rahman et al. (1984b), la relación inconsistente entre la dosis y la magnitud de las 
alteraciones en el sistema dependiente del glutatión dificulta la interpretación de sus resultados. 
Además, no está claro si estos efectos son biológicamente significativos, lo que excluyó la 
determinación de una NOAEL y una LOAEL para estos estudios. Por otro lado, Moore y Calabrese 
(1982) expusieron grupos de 10 ratones A/J o C57L/J (sexo no especificado) a 0 6 19 mg/kg-día 
durante 30 días y no observaron alteraciones significativas en los parámetros hematológicos 
(hemograma completo, recuento de reticulocitos, actividad de glucosa-6-fosfato y fragilidad 
osmótica) en ninguna de las cepas de ratón. 


Efecto del dióxido de cloro sobre el desarrollo reproductivo. 

Carlton y col. (1991) administraron dosis diarias por sonda de 0, 2.5, 5, 6 10 mg/kg-día, de 
dióxido de cloro en agua desionizada a grupos de 12 ratas Long-Evans macho, durante 56 días 
antes del apareamiento y durante un período de apareamiento de 10 días. Grupos de 24 ratas 
hembra recibieron las mismas dosis por sonda durante 14 días antes del apareamiento, durante el 
período de apareamiento y durante la gestación y la lactancia. No se observaron alteraciones 
significativas en la mortalidad, los signos clínicos, las tasas de fertilidad, los parámetros de los 
espermatozoides, la duración de la gestación, las muertes prenatales, el tamaño medio de la camada 
o el peso medio de las crías. Tampoco se observaron alteraciones significativas en el peso de los 
órganos del tracto reproductivo en las ratas macho F1. En las ratas hembra Fl, hubo disminuciones 
estadísticamente significativas en los pesos absolutos y relativos de la vagina en el grupo de 10 
mg/kg-día, pero no hubo diferencias en los pesos corporales terminales o los pesos uterinos y 
ováricos. No se midieron alteraciones consistentes relacionadas con el dióxido de cloro en los 
niveles de 13 ó T4 en las ratas macho y hembra FO y en las ratas macho F1 (niveles hormonales 
medidos en los días 17, 28 y 40 postnatales). Este estudio identifica un NOAEL de 10 mg/kg-día 
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para efectos reproductivos en ratas que reciben dosis de dióxido de cloro por sonda. Esta NOAEL 
es 20 a 40 veces más elevada que la usada para fines de prevenir o de tratamiento ante el COVID 
19. 


En un estudio de toxicidad para el desarrollo realizado por Suh et al. (1983), a grupos de 
seis a ocho ratas hembra Sprague-Dawley se les administró 0, 0.1, 1 y 10 mg / kg-día, durante 2.5 
meses antes del apareamiento con machos no expuestos y durante los días de gestación 0-20; las 
madres se sacrificaron له‎ día 20 de gestación. Este estudio identifica un NOAEL de 1 mg/kg-día y 
LOAEL de 10 mg / kg-día, para efectos de desarrollo en la descendencia de ratas expuestas al 
dióxido de cloro en el agua potable. En este caso la NOAEL es 2 a 4 veces más elevada a la 
recomendada y usada para prevenir o de tratamiento ante el COVID 19. 


Toth et al. (1990) examinaron la toxicidad del dióxido de cloro en el desarrollo neurológico 
en las ratas encapuchadas Long-Evans expuestas postnatalmente. Este estudio identifica una 
LOAEL de 14 mg/kg-día para el parámetro desarrollo del cerebro en ratas expuestas 
postnatalmente. 


Mobley y col. (1990) expusieron grupos de 12 ratas hembra Sprague-Dawley a 0 4 
mg/kg-día. En el día 42 posterior a la concepción, no hubo alteraciones significativas en la 
captación total de T3 o T4, T4 libre o T3. El día en que abrieron los ojos no se vio afectado 
significativamente por la exposición al dióxido de cloro. Por lo tanto 14 mg/kg-día es el LOAEL 
para la disminución del peso de la camada y la actividad exploratoria. 


En un estudio realizado por Orme et al., (1985) diseñado para evaluar la toxicidad del 
dióxido de cloro en la tiroides, grupos de ratas hembra Sprague-Dawley fueron expuestos dosis de 
0, 1, 3 y 14 mg/kg-día durante 2 semanas antes del apareamiento y durante la gestación y la 
lactancia. Este estudio identifica un NOAEL de 3 mg/kg-día, y un LOAEL de 14 mg/kg-día para 
efectos neuroconductuales. El estudio de Orme et al. (1985) muestra una NOAEL de 6 a 12 veces 
más elevada que la dosis usada para prevenir o de tratamiento ante el COVID 19. 


Taylor y Pfohl (1985) expusieron grupos de 13-16 ratas hembra Sprague-Dawley a 0 y 14 
mg/kg-día de dióxido de cloro y reportan una LOAEL para efectos neuroconductuales, disminución 
del peso cerebral y número de células en la descendencia de ratas expuestas al dióxido de cloro en 
el agua potable y en ratas expuestas postnatalmente al dióxido de cloro por sonda nasogástrica, de 
14 mg/kg-día. Un nivel 28 a 56 veces más elevado que la dosis usada para prevenir o de 


tratamiento ante el COVID 19. 


Estudios de carcinogenicidad con la ingestión de dióxido de cloro. 

Miller et al. (1986) probaron el potencial carcinogénico del agua potable desinfectada con 
dióxido de cloro utilizando tres ensayos a corto plazo. Después de la desinfección con dióxido de 
cloro, las muestras de agua (que contenían 0.5 mg/L de residuos de dióxido de cloro) se 
concentraron 2,000 y 4,000 veces usando un proceso de resina macrorreticular. Se administraron 
por vía oral a grupos de 14 a 34 ratones SENCAR (no se especifica el sexo) 0.5 ml del concentrado 
4000 x en emulforado al 2% por tres veces a la semana durante 2 semanas, seguido de exposición 
tópica a 1.0 g de 12 tetradecanilforbal-13-acetato (TPA) en acetona aplicado a la piel dorsal 3 
veces / semana durante 20 semanas y luego sacrificado. No se observaron aumentos significativos, 
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en comparación con los controles de vehículo, en el número de tumores de piel o en el número de 
tumores por animal. 


En un ensayo de adenoma de pulmón realizado por Miller et al. en 1986, evaluaron en 
grupos de 20 ratones macho y 20 hembras de la cepa A, los cuales recibieron dosis de 0.25 ml por 
sonda de concentrados de 2000 y 4000 veces concentrado al 296, 3 veces por semana durante 8 
semanas seguidas en un período de observación de 16 semanas. En este ensayo el número de 
animales con adenomas pulmonares y el número de adenomas por animal no se alteraron 
significativamente en comparación con los testigos de vehículo. Miller et al. (1986) también 
examinaron el desarrollo de focos hepáticos en ratas en un ensayo a corto plazo. En este estudio, 
grupos de ratas parcialmente hepatectomizadas recibieron una dosis única de agua concentrada (no 
se informa la concentración de dióxido de cloro) en emulfora al 2%, seguida una semana después 
de la administración de 500 ppm de fenobarbital sódico en agua potable durante 56 días; los 
animales se sacrificaron el día 70. Un grupo testigo recibió agua no desinfectada. No se observaron 
aumentos significativos en la incidencia de focos de p-glutamiltranspeptidasa, la cual es un 
indicador de trastornos hepáticos. Los estudios revisados hasta la fecha no reportan ninguna 
evidencia de que el dióxido de cloro pueda causar efectos cancerígenos. 


Estudios de Genotoxicidad 

Se han encontrado resultados tanto positivos como negativos en estudios de genotoxicidad 
in vitro. Por un lado, el dióxido de cloro no aumentó las aberraciones cromosómicas en las células 
de fibroblastos de hámster chino, pero sí aumentó la mutación inversa en Salmonella typhimurium 
(con activación) (Ishidate et al., 1984). Sin embargo, las muestras de agua desinfectadas con 
dióxido de cloro no indujeron mutaciones inversas en S. typhimurium con o sin activación (Miller 
et al., 1986). Los ensayos de aberración cromosómica de micronúcleo y médula ósea in vivo en 
ratones Swiss CD-1 a los que se les administró de 0.1 a 0.4 mg de dióxido de cloro por sonda 
durante 5 días consecutivos fueron negativos, al igual que un ensayo de anomalías en la cabeza del 
esperma en ratones B6C3F1 a los que se les administraron 0.1 a 0.4 mg por sonda por 5 días 
consecutivos (0, 3.2, 8 y 16 mg/kg-día) (Meier et al., 1985). Hayashi y col. (1988) informaron 
resultados positivos en el ensayo de micronücleos en ratones ddY después de una única inyección 
intraperitoneal de 3.2 a 25 mg/kg de dióxido de cloro. 


Mecanismos de acción del dióxido de cloro en dosis elevadas. 

Es muy probable que el 000 oxidativo a los eritrocitos y la producción de 
metahemoglobina en dosis elevadas de dióxido de cloro, por encima de las dosis que se usan para 
prevenir y de tratamiento ante el COVID 19, estén relacionados con sus propiedades oxidantes 
(U.S. EPA, 1994d). Se cree que el clorito es la especie intermedia responsable de muchos de los 
efectos hematológicos del dióxido de cloro, debido a su producción más eficiente de 
metahemoglobina, el agotamiento del glutatión de los glóbulos rojos (RBC) y la alteración de la 
fragilidad de los eritrocitos. 


En una serie de experimentos, Bercz, et al. (1982, 1986); y Harrington et al. (1986) 
sugirieron que el dióxido de cloro aumenta la unión del yoduro de la dieta al tejido y contenido 
gastrointestinal, produciendo una deficiencia funcional de yoduro. Bercz y col. (1982) encontraron 
niveles reducidos de tiroxina circulante en monos que bebían más de 9.5 mg/kg de dióxido de cloro 
al día. En un estudio de seguimiento, Harrington et al. (1986) demostraron aumentos en la 
absorción de yoduro de tiroides y un rebote en los niveles de tiroxina en monos que un مقد‎ después 
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de una exposición por 8 semanas a aproximadamente 5 mg/kg-día de dióxido de cloro en el agua 
potable. A diferencia de los monos, las ratas mostraron disminuciones relacionadas con la dosis en 
los niveles de tiroxina y ninguna alteración en la absorción de yoduro de tiroides después de una 
exposición de 8 semanas a 10 mg/kg de dióxido de cloro al día en el agua potable. Estas dosis son 
excesivamente altas (20 a 40 veces más elevadas) con relación a las que se usan en el tratamiento 
preventivo o de tratamiento de dióxido de cloro en solución contra el COVID 19. 


Síntesis general de los estudios de toxicidad 

۸ la fecha no se ha podido demostrar que el dióxido de cloro cause efectos tóxicos al ser 
humano a los niveles utilizados para prevenir o de tratamiento ante el COVID-19, cuyas dosis van 
de 0.25 a 0.50 mg/kg-día y están muy por debajo de las concentraciones reportadas como NOAEL 
en la mayoría de los reportes de investigación. 


El estudio crónico de agua potable de Haag (1949) informó disminuciones en la 
supervivencia de ratas expuestas a 13 mg/kg-día de dióxido de cloro, durante 2 años, pero no se 
informó la causa de la muerte y no se observaron efectos a concentraciones más bajas. Otros 
estudios subcrónicos/crónicos examinaron principalmente los parámetros hematológicos. Bercz, et 
al., (1982) encontraron disminuciones significativas en los niveles séricos de T4 en monos 
expuestos a 9.5 mg/kg de dióxido de cloro al día en el agua potable durante 4 a 6 semanas. Los 
efectos hematológicos adversos no pudieron discernirse en Abdel-Rahman et al. (1984b) porque 
no hubo una relación dosis-efecto consistente. Además, Daniel et al. (1990), Bercz et al. (1982) y 
Moore y Calabrese (1982) no encontraron alteraciones hematológicas en ratas, monos o ratones, 
respectivamente. Abdel-Rahman y col. (1984b) y Couri y Abdel-Rahman (1980) informaron de 
alteraciones en el sistema dependiente del glutatión, en particular, disminuciones en los niveles de 
glutatión en los eritrocitos, aumentos en la actividad del glutatión peroxidasa y aumentos en los 
niveles de catalasa en los eritrocitos. Sin embargo, al igual que con los efectos hematológicos que 
encontró este grupo, faltaron relaciones consistentes entre la dosis y la magnitud de las 
alteraciones. Solo en dosis elevadas de dióxido de cloro con niveles 30 veces mayores a los usados 
para prevenir o de tratamiento ante el COVID-19, se han observado efectos dafiinos en ratas o 
monos. 


Estudio de efectos cancerígenos del dióxido de cloro 

Según las pautas actuales (U.S. EPA, 1986a), el dióxido de cloro está clasificado como 
Grupo D, (no clasificable en cuanto a carcinogenicidad en humanos) debido a que no hay datos que 
hayan probado su efecto cancerígeno. Segün el borrador de las Directrices de Evaluación de 
Carcinógenos (U.S. EPA, 1996a), la carcinogenicidad humana del dióxido de cloro no se puede 
determinar porque no se encontraron estudios satisfactorios en humanos o animales que evalúen el 
potencial carcinogénico crónico del dióxido de cloro. El potencial carcinogénico de los 
concentrados preparados a partir de agua potable tratada con dióxido de cloro fue estudiado por 
Miller et al. (1986) y los concentrados de dióxido de cloro no aumentaron la incidencia de 
adenomas pulmonares en ratones de la cepa A. 


Conclusiones generales del efecto de la dosis sobre la toxicidad del dióxido de cloro. 

En general, los estudios en humanos no han reportado efectos adversos en individuos que 
consumen bajas concentraciones (0.04-0.15 mg/kg-día) de dióxido de cloro en estudios 
experimentales (Lubbers et al., 1981, 1982, 1984a) o que consumen agua potable desinfectada con 
dióxido de cloro (Michael et al., 1981; Tuthill et al., 1982). 
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El estudio epidemiológico de Kanitz et al. (1996) donde reportan aumentos en el riesgo de 
varios efectos en el desarrollo (ictericia neonatal, circunferencia craneal pequeña y longitud 
corporal más corta) en una comunidad con agua potable desinfectada con dióxido de cloro, tiene 
numerosas limitaciones (incluidas múltiples exposiciones químicas; falta de datos de exposición; 
falta de control del tabaquismo, la edad y los hábitos nutricionales; y datos de control atípicos), 
por lo que queda descartado como un estudio serio para obtener conclusiones válidas. 


Taylor y Pfohl, 1985; Toth et al., 1990), Orme et al., 1985; Taylor y Pfohl, 1985; Mobley 


et al., 1990) estudiaron la toxicidad del dióxido de cloro, sobre diversos órganos del cuerpo, en - 


diferentes etapas de desarrollo del animal estudiado, y reportan una LOAEL para estos efectos de 
14 mg/kg-día de dióxido de cloro. Por su parte Orme, et al., (1985) identificaron un NOAEL de 3 
mg / kg-día. Esta última, por cierto, se ubica 6 a 12 veces por encima de las dosis utilizadas en 


seres humanos para prevenir o de tratamiento para el coronavirus COVID 19, propuesto por la 
COMUSAV. 


Conclusiones generales 

Los valores más frecuentes a partir de la literatura revisada y citada en este reporte indican que 
la FEL (Nivel de efectos francos) es de 27 mg/kg -día, la LOAEL (Nivel más bajo que muestra 
efectos adversos) de 13 mg/kg -día y la NOAEL (Nivel sin efectos adversos observables) resultó 
ser del orden de 3.0 mg/kg-día. El protocolo sugerido por Kalcker (2020) propone la ingesta de 
10 mililitros de una solución de dióxido de cloro a una concentración de 3,000 mg/litro, disueltos 
en un litro de agua y bebidos durante el día, como estrategia para prevenir y de tratamiento ante 
el COVID 19, es decir que la ingesta real es de 30 mg/día para adultos con pesos de 50 a 80 kg. 
Si consideramos un peso promedio de 60 kg, la dosis que se ingiere es de 0.5 mg/kg-día, es decir 
6 veces por debajo de la dosis considerada como NOEAL. En otras ocasiones la dosis preventiva 
para personas no expuestas o muy poco expuestas se ha reducido a solo 5 ml de la solución de 
3,000 ppm por día, lo que representa una ingesta de solo 0.25 mg/kg-día. Por lo anterior la 
revisión de literatura confirma que el uso de dióxido de cloro ingerido a una dosis de 0.25 a 0.50 
mg/kg-día no representa un riesgo demostrado de toxicidad para la salud humana por ingestión. 


Adendum 

Es importante hacer notar que las Agencias, Comités o entidades encargadas de la supervisión 
de la salud püblica, una vez que se siga demostrando mediante diversos reportes científicos la 
inocuidad del dióxido de cloro a las dosis adecuadas, deben de destinar recursos para la 
investigación, en los cuales se incluyan al sector gubernamental, iniciativa privada en su rama 
de la industria farmacéutica y a la COMUSAV. Dichos recursos son de vital importancia para 
continuar el estudio de esta molécula del dióxido de cloro la cual no obstante que ha demostrado 
bajo la experimentación observacional retrospectiva ser un recurso para el manejo del COVID- 
19, y teniendo en cuenta que al ser una emergencia médica la actual pandemia por COVID-19 y 
que pocos o ningún medicamento han podido concluir las fases tradicionales de investigación 
como actualmente se requiere. También se tiene que hacer notar que el dióxido de cloro tiene 
otras aplicaciones ya patentadas en la rama de la medicina y muchas otras que pueden ser 
estudiadas para la generación de nuevas patentes. 


Abreviaturas utilizadas en el texto. 
FEL. El Nivel de efecto franco, por sus siglas en inglés: Frank effect level 
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LOAEL. El Nivel más bajo que muestra efectos adversos, por sus siglas en inglés: Lowest 
Observed Adverse Effect Level. 

NOAEL. Nivel sin efectos adversos observables, por sus siglas en inglés: Non Observed Adverse 
Effect Level. 

CDS. Solución de dióxido de cloro, por sus siglas en ingles Chlorine Dioxide Solution. 

MMS. Por sus siglas en ingles Magistral Mineral Solution; o Solución que contiene la mezcla de 
una dosis en gotas de clorito de sodio y otra cantidad igual en gotas de ácido cítrico o ácido 
clorhídrico (1 a 10 gotas de cada una), se esperan 40 segundos a que se lleve a 
cabo la reacción, se le agrega agua y se ingiere la solución. 

PPB. Partes por billón, o micro gramos de una sustancia contenidos en un litro de agua. 

PPM. Partes por millón o mg de una sustancia disueltos en un litro de agua. 
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m | fas C Ciudad de México a 13 de octubre del 2020. 
Dr. Jorge Alcocer Varela 


Titular de la Secretaría de Salud 
Presente 


Muy estimado doctor Alcocer Varela, 


Sirva la presente para enviar un cordial saludo, así como para presentar a la Secretaría de 
- Salud dignamente representada por usted, documentos muy importantes sobre la Seguridad, 
Eficacia y los aspectos generales del Dióxido de Cloro (CDS por sus siglas en inglés): 


!. Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en 
humanos y otros mamíferos, con comentarios de la COMUSAV, basado en el reporte 
de la U.S. Environmental Protection Agency (EPA): CHLORINE DIOXIDE AND 
CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado en el año 2,000. 
(Anexo 1) 

2. El reporte científico en extenso, del cual se obtuvo el resumen mencionado 
anteriormente: TOXICOLOGICAL REVIEW OF CHLORINE DIOXIDE AND 
CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In Support of Summary 
Information on the Integrated Risk Information System (IRIS) September 2000 2) 
(Anexo 2) 

3. -Dióxido de Cloro, una terapéutica efectiva para el tratamiento de SARS-COV2 
COVID-19). Asociación Ecuatoriana de Médicos Expertos en Medicina Integrativa. 
-Efficacy and Safety Evaluation of a Chlorine Dioxide Solution. Jui-Wen Ma, et al. 
International Journal of Environmental Research and public Health. 2017. 

-Es tiempo de salvar vidas. Recopilado por la Asociación 4ClO2Hope4ThePlanet 
(Anexo 3) 

4. Dióxido de Cloro como componente de productos patentados para uso médico 
(Anexo 4) 

>. Ley Departamental de 22 de Julio de 2020 de Cochabamba, Bolivia para la 

“Producción y Distribución Gratuita y Supervisada de Dióxido de Cloro” 
Ley Departamental No. 193 de 9 de septiembre de 2020. Departamento de La Paz, 
Bolivia. “Ley que autoriza la producción, distribución y uso del Dióxido de Cloro 
(CDS) para la prevención, atención y tratamiento del Covid-19 en el Departamento 
de La Paz” (Anexo 5) 
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El primer documento consta de 11 hojas (Folios 004 al 014), y se trata del resumen de una 
gran cantidad de estudios científicos realizados a nivel internacional sobre la toxicidad del 
dióxido de cloro, con comentarios de 12 COMUSAV en letra itálica, donde claramente se 
demuestra que a las dosis convenientes el dióxido de cloro en solución, conocido como CDS 
resulta inocuo para la salud humana en todas sus manifestaciones (Anexo 1). 


El segundo documento es el artículo original que consta de 56 páginas (Folios 015 al 070), y 
del cual se elaboró el resumen anterior para que pueda ser consultado en su totalidad y 
cotejado con el documento presentado (Anexo 2). 


El tercer documento que consta de 69 hojas (Folios 071 al 139), presenta el trabajo de 
investigación clínica que se realizó en la Cd. de Guayaquil, Ecuador, del 26 de marzo al 10 
de abril de 2020, y el cual fue dirigido por el Dr. Roberto Edmundo Garcia Espinosa, un 
profesional de la salud con 35 دمقد‎ de experiencia en la práctica médica y 5 médicos más, 
todos ellos acreditados en su especialidad, y con amplia experiencia médica profesional. 


Este estudio clínico se realizó con 104 pacientes que dieron COVID-19 positivo, y cuyas 
edades variaron de 18 a 80 afios, de ambos sexos. Estos pacientes fueron intervenidos 
tempranamente en fases 1, 2 y 3 de la enfermedad. El tratamiento aplicado varió según la 
gravedad de los pacientes. En el caso de los pacientes graves se les indico ingerir 60 mg de 
dióxido de cloro diariamente por 2 o 3 días y luego reducir la dosis a 30 mg/día durante 14 
días. Los pacientes sin sintomatología grave ingirieron desde el principio una dosis de 30 
mg/día durante 14 días. 


Los resultados más destacados, tal como se constata en el reporte de investigación clínica, 
certificado por el notario público Dr. Renato Vazquez Leyva, titular de la Notaria 9* del 
Cantón de Guayaquil, Ecuador, fueron los siguientes: 1) En el 82% de los pacientes los 
síntomas remitieron al 4? día, 2) La mortalidad en los 104 pacientes fue de cero pacientes 
fallecidos y 3) Los 104 pacientes una vez aliviados no presentaron secuela alguna de la 
enfermedad. 


En forma adicional al reporte comentado en los párrafos anteriores me permito presentar el 
artículo “Efficacy and Safety Evaluation of a Chlorine Dioxide Solution”. Jui-Wen Ma, et 
al. International Journal of Environmental Research and public Health. 2017,en el cual se 
demuestra mediante la prueba subcrónica de toxicidad oral la NO Toxicidad del CDS. 
(Folios 140 al 151). 


En el documento “Es tiempo de salvar vidas” se integra la información disponible sobre los 
aspectos generales del Dióxido de Cloro con referencias de publicaciones por parte de 
Organismos Internacionales (Anexo 3). Constituido por 21 páginas (Folios 152 al 172) 


La finalidad es informar a la Secretaría de Salud sobre los usos de la molécula de Dióxido de 
cloro a dosis no tóxicas y sí eficaces y seguras, en beneficio del Pueblo de México, así como 
solicitar sean autorizados los diversos protocolos de investigación que se presenten ante esa 
comisión para corroborar científicamente su utilidad y estimular la investigación por parte 
de otras entidades científicas nacionales y extranjeras, privadas o gubernamentales con la 
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finalidad de que sea investigada la molécula de dióxido de cloro, y se tome en cuenta que 
esta molécula cuenta con varias patentes de uso médico (Anexo 4), abriendo el camino para 
la investigación en otras indicaciones médicas y el desarrollo de nuevas presentaciones que 
podrían ser propuestas e incluso patentadas por parte de la industria farmacéutica nacional o 
internacional. (Folios 173 al 206) 


Es importante mencionar también, que a nivel internacional como es el caso de Bolivia, ya 
se cuenta con legislaciones actualizadas sobre la producción y distribución gratuita y 
supervisada de Dióxido de Cloro (Anexo 5). (Folios 207 al 212) 


Con la honrosa representación y en calidad de Presidente de la Coalición Mundial Salud y 
Vida México, A.C., quedo a sus órdenes para cualquier duda o aclaración, en el domicilio 
que señalamos para oír y recibir toda clase de notificaciones ubicado en Avenida Jesús del 
Monte No. 37 Piso 2 Despacho No. 9 Col. Jesús del Monte, Huixquilucan, Estado de México 
C.P. 52763, teléfono 5547 470605 y correo electrónico drubus&( gmail.com. 


En espera de sus amables comentarios queda de usted 


Atentamente 


ae‏ سے D‏ جس ہے 


Dr. Pedro Chávez Zavala 
Presidente 
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c.c.p Dr. José Alonso Novelo Baeza. Titular de la Comisión Federal para la Protección contra 
Riesgos Sanitarios (COFEPRIS) 
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- COALICIÓN MUNDIAL SALUD Y VIDA 
COMUSAV MEXICO A.C. 


Ciudad de México a 13 de octubre del 2020. 


Dr. José Alonso Novelo Baeza 
Titular de la Comisión Federal para la 
Protección contra Riesgos Sanitarios (COFEPRIS) 


Presente ٨ a de ME i 
5 | } Ü T 


Muy estimado doctor Novelo Baeza, 


Sirva la presente para enviar un cordial saludo, así como para presentar a la Comisión Federal 
para la Protección contra Riesgos Sanitarios dignamente representada por usted, documentos 
muy importantes sobre la Seguridad, Eficacia y los aspectos generales del Dióxido de Cloro 
(CDS por sus siglas en inglés): 


1. Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en 
humanos y otros mamíferos, con comentarios de la COMUSAV, basado en el reporte 
de la U.S. Environmental Protection Agency (EPA): CHLORINE DIOXIDE AND 
CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado en el afio 2,000. 
(Anexo 1) 

2. El reporte científico en extenso, del cual se obtuvo el resumen mencionado 
anteriormente: TOXICOLOGICAL REVIEW OF CHLORINE DIOXIDE AND 
CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In Support of Summary 
Information on the Integrated Risk Information System (IRIS) September 2000 2) 
(Anexo 2) 

3. -Dióxido de Cloro, una terapéutica efectiva para el tratamiento de SARS-COV2 
COVID-19). Asociación Ecuatoriana de Médicos Expertos en Medicina Integrativa. 
-Efficacy and Safety Evaluation of a Chlorine Dioxide Solution. Jui-Wen Ma, et al. 
International Journal of Environmental Research and public Health. 2017. 

-Es tiempo de salvar vidas. Recopilado por la Asociación ++C102Hope4ThePlanet 
(Anexo 3) 

4. Dióxido de Cloro como componente de productos patentados para uso médico 
(Anexo 4) 

J. -Ley Departamental de 22 de Julio de 2020 de Cochabamba, Bolivia para la 
“Producción y Distribución Gratuita y Supervisada de Dióxido de Cloro” 

-Ley Departamental No. 193 de 9 de septiembre de 2020. Departamento de La Paz, 
Bolivia. “Ley que autoriza la producción, distribución y uso del Dióxido de Cloro 
(CDS) para la prevención, atención y tratamiento del Covid-19 en el Departamento 
de La Paz” (Anexo 5) 
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E] primer documento consta de 11 hojas (Folios 004 al 014), y se trata del resumen de una 
gran cantidad de estudios científicos realizados a nivel internacional sobre la toxicidad del 
dióxido de cloro, con comentarios de la COMUSAV en letra itálica, donde claramente se 
demuestra que a las dosis convenientes el dióxido de cloro en solución, conocido como CDS 
resulta inocuo para la salud humana en todas sus manifestaciones (Anexo 1). 


El segundo documento es el artículo original que consta de 56 páginas (Folios 015 al 070), y 
del cual se elaboró el resumen anterior para que pueda ser consultado en su totalidad y 
cotejado con el documento presentado (Anexo 2). 


El tercer documento que consta de 69 hojas (Folios 071 al 139), presenta el trabajo de 
investigación clínica que se realizó en la Cd. de Guayaquil, Ecuador, del 26 de marzo al 10 
de abril de 2020, y el cual fue dirigido por el Dr. Roberto Edmundo Garcia Espinosa, un 
profesional de la salud con 35 años de experiencia en la práctica médica y 5 médicos más, 
todos ellos acreditados en su especialidad, y con amplia experiencia médica profesional. 


Este estudio clínico se realizó con 104 pacientes que dieron COVID-19 positivo, y cuyas 
edades variaron de 18 a 80 afios, de ambos sexos. Estos pacientes fueron intervenidos 
tempranamente en fases 1, 2 y 3 de la enfermedad. El tratamiento aplicado varió segün la 
gravedad de los pacientes. En el caso de los pacientes graves se les indico ingerir 60 mg de 
dióxido de cloro diariamente por 2 o 3 días y luego reducir la dosis a 30 mg/día durante 14 
días. Los pacientes sin sintomatología grave ingirieron desde el principio una dosis de 30 
mg/día durante 14 días. 


Los resultados más destacados, tal como se constata en el reporte de investigación clínica, 
certificado por el notario público Dr. Renato Vazquez Leyva, titular de la Notaria 9° del 
Cantón de Guayaquil, Ecuador, fueron los siguientes: 1) En el 8276 de los pacientes los 
síntomas remitieron al 4? día, 2) La mortalidad en los 104 pacientes fue de cero pacientes 
fallecidos y 3) Los 104 pacientes una vez aliviados no presentaron secuela alguna de la 
enfermedad. 


En forma adicional al reporte comentado en los párrafos anteriores me permito presentar el 


artículo “Efficacy and Safety Evaluation of a Chlorine Dioxide Solution". Jui- Wen Ma, et 


al. International Journal of Environmental Research and public Health. 2017,en el cual se 
demuestra mediante la prueba subcrónica de toxicidad oral la NO Toxicidad del CDS. 
(Folios 140 al 151) 


En el documento"Es tiempo de salvar vidas" se integra la información disponible sobre los 
aspectos generales del Dióxido de Cloro con referencias de publicaciones por parte de 
Organismos Internacionales (Anexo 3). Constituído por 21 páginas (Folios 152 al 172) 


La finalidad es informar a esta Comisión sobre los usos de la molécula de Dióxido de cloro 
a dosis no tóxicas y sí eficaces y seguras, en beneficio del Pueblo de México, así como 
solicitar sean autorizados los diversos protocolos de investigación que se presenten ante esa 
comisión para corroborar científicamente su utilidad y estimular la investigación por parte 
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de otras entidades científicas nacionales y extranjeras, privadas o gubernamentales con el 
objeto de que sea investigada la molécula de dióxido de cloro, y se tome en cuenta que esta 
molécula cuenta con varias patentes de uso médico (Anexo 4), abriendo el camino para la 
investigación en otras indicaciones médicas y el desarrollo de nuevas presentaciones que 
podrían ser propuestas e incluso patentadas por parte de la industria farmacéutica nacional o 
internacional. (Folios 173 al 206) 


Es importante mencionar también, que a nivel internacional como es el caso de Bolivia, ya 
se cuenta con legislaciones actualizadas sobre la producción y distribución gratuita y 
supervisada de Dióxido de Cloro (Anexo 5). (Folios 207 al 212.) 


Con la honrosa representación y en calidad de Presidente de la Coalición Mundial Salud y 
Vida México A.C., quedo a sus órdenes para cualquier duda o aclaración, en el domicilio 
que señalamos para oír y recibir toda clase de notificaciones ubicado en Avenida Jesús del 
Monte No. 37 Piso 2 Despacho No. 9 Col. Jesús del Monte, Huixquilucan, Estado de México 
C.P. 52763, teléfono 5547 47 0605 y correo electrónico drubus8@email.com. 





En espera de sus amables comentarios queda de usted 


Atentamente 
x z ۱ ۱ e ۱ A 
zv Pi ¿A A و تن‎ 


Dr. Pedro Chavez Zavala 
Presidente 
COMUSAV MEXICO A.C 


c.c.p. Dr. Jorge Alcocer Varela. Secretario de Salud 
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COMUSAV MEXICO A.C. 


Ciudad de México a 21 de octubre del 2020. 


Ue id LA وی یں‎ 


Senador Miguel Ángel Navarro Quintero gua ^| : any 
Presidente de la Comisión de Salud 9 M ۰ 1 v A 
Honorable Cámara de Senadores LXIV Legislatura A E 2090) Le 
Presente Rookie es vid con 3 
Muy estimado Senador Navarro Quintero, 1 "i Del id 1 p E e 
E ps s X D 


Sirva la presente para enviar un cordial saludo, así como para presentar a la Gomi o de 
Salud de la Honorable Cámara de Senadores dignamente representada por usted, documentos 
muy importantes sobre la Seguridad, Eficacia y los aspectos generales del Dióxido de Cloro 
(CDS por sus siglas en inglés): 


Il. Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en 
humanos y otros mamíferos, con comentarios de la COMUSAV, basado en el reporte 
de la U.S. Environmental Protection Agency (EPA): CHLORINE DIOXIDE AND 
CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado en el año 2,000. 
(Anexo 1). 


2. Elreporte científico en extenso, del cual se obtuvo el resumen mencionado 
anteriormente: TOXICOLOGICAL REVIEW OF CHLORINE DIOXIDE AND 
CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In Support of Summary 
Information on the Integrated Risk Information System (IRIS) September 2000 
(Anexo 2). 


3. -Dióxido de Cloro, una terapéutica efectiva para el tratamiento de SARS-COV2 

COVID-19). Asociación Ecuatoriana de Médicos Expertos en Medicina Integrativa. 
-Efficacy and Safety Evaluation of a Chlorine Dioxide Solution. Jui-Wen Ma, et al. 
International Journal of Environmental Research and public Health. 2017. 

-Es tiempo de salvar vidas. Recopilado por la Asociación +C102Hope4The Planet 

- In vivo evaluation of the antiviral effect of CIO» in chicken embryos | inoculated with 
avian infectious bronchitis coronavirus. Xochitl Zambrano-Estrada, et al. 
doi: https;Aloi.org/ 10.1 01/2020.10. 13.336765. BioRxIV. The 
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Reprint Server for Biology. (Anexo 3) 








“T16 


-— 


-—— 


COMUSAVOI:- 


4. Dióxido de Cloro como componente de productos patentados para uso 
médico (Anexo 4) 


3.  -Ley Departamental de 22 de Julio de 2020 de Cochabamba, Bolivia 

-Ley Departamental No. 193 de 9 de septiembre de 2020, Departamento de La Paz 
Departamento de La Paz Bolivia. “ 

-Decreto de la Asamblea Legislativa Plurinacional: Ley que regula la elaboración, 
comercialización, suministro y uso consentido de la solución de Dióxido de cloro 
(SDC) como prevención y tratamiento ante la pandemia del coronavirus COVID- 
19 (Anexo 5). 


El primer documento consta de 11 páginas (Folios 004 al 014), y se trata del resumen de una 
gran cantidad de estudios científicos realizados a nivel internacional sobre la toxicidad del 
dióxido de cloro, con comentarios de la COMUSAV en /etra itálica, donde claramente se 
demuestra que a las dosis convenientes el dióxido de cloro en solución, conocido como CDS 
resulta inocuo para la salud humana en todas sus manifestaciones (Anexo 1). 


El segundo documento es el artículo original que consta de 56 páginas (Folios 015 al 070), y 
del cual se elaboró el resumen anterior para que pueda ser consultado en su totalidad y 
cotejado con el documento presentado (Anexo 2). 


El tercer documento que consta de 69 páginas (Folios 071 al 139), presenta el trabajo de 
investigación clínica que se realizó en la Cd. de Guayaquil, Ecuador, del 26 de marzo al 10 
de abril de 2020, y el cual fue dirigido por el Dr. Roberto Edmundo Garcia Espinosa, un 
profesional de la salud con 35 años de experiencia en la práctica médica y 5 médicos más, 
todos ellos acreditados en su especialidad, y con amplia experiencia médica profesional. 


Este estudio clínico se realizó con 104 pacientes que dieron COVID-19 positivo, y cuyas 
edades variaron de 18 a 80 afios, de ambos sexos. Estos pacientes fueron intervenidos 
tempranamente en fases 1, 2 y 3 de la enfermedad. El tratamiento aplicado varió segün la 
gravedad de los pacientes. En el caso de los pacientes graves se les indico ingerir 60 mg de 
dióxido de cloro diariamente por 2 o 3 días y luego reducir la dosis a 30 mg/día durante 14 
días. Los pacientes sin sintomatología grave ingirieron desde el principio una dosis de 30 
mg/día durante 14 días. 


Los resultados más destacados, tal como se constata en el reporte de investigación clínica, 
certificado por el notario público Dr. Renato Vazquez Leyva, titular de la Notaria 9* del 
Cantón de Guayaquil, Ecuador, fueron los siguientes: 1) En el 82% de los pacientes los 
sintomas remitieron al 4? día, 2) La mortalidad en los 104 pacientes fue de cero pacientes 
fallecidos y 3) Los 104 pacientes una vez aliviados no presentaron secuela alguna de la 
enfermedad. 


En forma adicional al reporte comentado en los párrafos anteriores me permito presentar el 
artículo “Efficacy and Safety Evaluation of a Chlorine Dioxide Solution”. Jui-Wen Ma, et 
al. International Journal of Environmental Research and public Health. 2017,en el cual se 
demuestra mediante la prueba subcrónica de toxicidad oral la NO Toxicidad del CDS. 
(Folios 140 al 151) 
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En el documento “Es tiempo de salvar vidas” se integra la información disponible sobre los 
aspectos generales del Dióxido de Cloro con referencias de publicaciones por parte de 
Organismos Internacionales. Constituido por 21 páginas (Folios 152 al 172). 


La evaluación del efecto antiviral del CIO2 en embriones de pollo inoculados con 
coronavirus aviar productor de bronquitis infecciosa, realizado por Xóchitl Zambrano- 
Estrada y colaboradores permite concluir que el Dióxido de cloro representa una opción 
segura y viable en el control del coronavirus aviar y abre la posibilidad de que los mismos 
efectos sean observados en otros organismos. (Folio 173-174 Anexo 3). 


La finalidad es informar a la Comisión de Salud de la H Cámara de Senadores sobre los usos 
de la molécula de Dióxido de cloro a dosis no tóxicas y sí eficaces y seguras, en beneficio 
del Pueblo de México, así como solicitar su intervención ante las instancias correspondientes 
(COFEPRIS) para que sean autorizados los diversos protocolos de investigación que se 
presenten para corroborar científicamente su utilidad y estimular la investigación por parte 
de otras entidades científicas incluidas la Industria Farmacéutica Nacional y Multinacional 
en cualquier indicación médica, considerándose el hecho de que ya cuenta con varias patentes 
de uso médico (Anexo 4 Folios 175 al 208). 


Es importante mencionar también, que a nivel internacional como es el caso de Bolivia, ya 
se cuenta con la Ley a nivel Nacional que regula la elaboración, comercialización, suministro 
y uso consentido de la solución de Dióxido de cloro (SDC) como prevención y tratamiento 
ante la pandemia del coronavirus, COVID-19. (Anexo 5 Folios 209 al 217). 


Con la honrosa representación y en calidad de Presidente de la Coalición Mundial Salud y 
Vida México A.C., quedo a sus órdenes para cualquier duda o aclaración, en el domicilio 
que señalamos para oír y recibir toda clase de notificaciones ubicado en Avenida Jesús del 
Monte No. 37 Piso 2 Despacho No. 9 Col. Jesús del Monte, Huixquilucan, Estado de México 
C.P. 52763, teléfono 5547 47 0605 y correo electrónico drubus8@gmail.com. 


En espera de sus amables comentarios queda de usted 


Atentamente 


pere 7 ^ 
سی نس‎ UA 


Dr. Pedro Chavez Zavala 
Presidente 
COMUSAV MEXICO A.C 


c.c.p. Diputada Miroslava Sánchez Galván. Presidenta de la Comisión de Salud de la 
Honorable Cámara de Diputados. 
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- COALICIÓN MUNDIAL SALUD Y VIDA 


COMUSAV MEXICO A.C. 
Ciudad de México a 21 de octubre del 2020. 


Diputada Miroslava Sánchez Galván 

Presidenta de la Comisión de Salud de la 
Honorable Cámara de Diputados LXIV Legislatura 
Presente 


Muy estimada Diputada Sánchez Galván, 


Sirva la presente para enviar un cordial saludo, así como para presentar a la Comisión de 
Salud de la Honorable Cámara de Diputados dignamente representada por usted, documentos 


muy importantes sobre la Seguridad, Eficacia y los aspectos generales del Dióxido de Cloro 


(CDS por sus siglas en inglés): 


1. Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en 
humanos y otros mamíferos, con comentarios de la COMUSAV, basado en el reporte 
de la U.S. Environmental Protection Agency (EPA): CHLORINE DIOXIDE AND 
CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado en el año 2,000. 
(Anexo 1). 


2. El reporte científico en extenso, del cual se obtuvo el resumen mencionado 
anteriormente: TOXICOLOGICAL REVIEW OF CHLORINE DIOXIDE AND 
CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In Support of Summary 
Information on the Integrated Risk Information System (IRIS) September 2000 
(Anexo 2). 


3. -Dióxido de Cloro, una terapéutica efectiva para el tratamiento de SARS-COV2 
COV ID-19). Asociación Ecuatoriana de Médicos Expertos en Medicina Integrativa. 
-Efficacy and Safety Evaluation of a Chlorine Dioxide Solution. Jui-Wen Ma, et al. 
International Journal of Environmental Research and public Health. 2017. 

-Es tiempo de salvar vidas. Recopilado por la Asociación CIO2Hope4The Planet 

- In vivo evaluation of the antiviral effect of CIO» in chicken embryos inoculated with 
avian infectious bronchitis coronavirus. Xochitl Zambrano-Estrada, et al. 
doi: htips://doi.org/ 10.1 901/2020.10. 13.336768. BioRxIV. The 
Reprint Server for Biology. (Anexo 3) 


4. 10165100 de Cloro como componente de productos patentados para uso 
médico (Anexo 4) 
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5. -Ley Departamental de 22 de Julio de 2020 de Cochabamba, Bolivia 

-Ley Departamental No. 193 de 9 de septiembre de 2020, Departamento de La Paz 
Departamento de La Paz Bolivia. “ 

-Decreto de la Asamblea Legislativa Plurinacional: Ley que regula la elaboración, 
comercialización, suministro y uso consentido de la solución de Dióxido de cloro 
(SDC) como prevención y tratamiento ante la pandemia del coronavirus COVID- 
19 (Anexo 5). 


El primer documento consta de 11 páginas (Folios 004 al 014), y se trata del resumen de una 
gran cantidad de estudios científicos realizados a nivel internacional sobre la toxicidad del 
dióxido de cloro, con comentarios de la COMUSAV en letra itálica, donde claramente se 
demuestra que a las dosis convenientes el dióxido de cloro en solución, conocido como CDS 
resulta inocuo para la salud humana en todas sus manifestaciones (Anexo 1). 


El segundo documento es el artículo original que consta de 56 páginas (Folios 015 al 070), y 
del cual se elaboró el resumen anterior para que pueda ser consultado en su totalidad y 
cotejado con el documento presentado (Anexo 2). 


E] tercer documento que consta de 69 páginas (Folios 071 al 139), presenta el trabajo de 
investigación clínica que se realizó en la Cd. de Guayaquil, Ecuador, del 26 de marzo al 10 
de abril de 2020, y el cual fue dirigido por el Dr. Roberto Edmundo Garcia Espinosa, un 
profesional de la salud con 35 años de experiencia en la práctica médica y 5 médicos más, 
todos ellos acreditados en su especialidad, y con amplia experiencia médica profesional. 


Este estudio clínico se realizó con 104 pacientes que dieron COVID-19 positivo, y cuyas 
edades variaron de 18 a 80 afios, de ambos sexos. Estos pacientes fueron intervenidos 
tempranamente en fases 1, 2 y 3 de la enfermedad. El tratamiento aplicado varió según la 
gravedad de los pacientes. En el caso de los pacientes graves se les indico ingerir 60 mg de 
dióxido de cloro diariamente por 2 o 3 días y luego reducir la dosis a 30 mg/día durante 14 
días. Los pacientes sin sintomatología grave ingirieron desde el principio una dosis de 30 
mg/día durante 14 días. 


Los resultados más destacados, tal como se constata en el reporte de investigación clínica, 
certificado por el notario público Dr. Renato Vazquez Leyva, titular de la Notaria 9? del 
Cantón de Guayaquil, Ecuador, fueron los siguientes: 1) En el 82% de los pacientes los 
síntomas remitieron al 4? día, 2) La mortalidad en los 104 pacientes fue de cero pacientes 
fallecidos y 3) Los 104 pacientes una vez aliviados no presentaron secuela alguna de la 
enfermedad. 


En forma adicional al reporte comentado en los párrafos anteriores me permito presentar el 
artículo "Efficacy and Safety Evaluation of a Chlorine Dioxide Solution". Jui-Wen Ma, et 
al. International Journal of Environmental Research and public Health. 2017,en el cual se 
demuestra mediante la prueba subcrónica de toxicidad oral la NO Toxicidad del CDS. 
(Folios 140 al 151) 
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En el documento "Es tiempo de salvar vidas" se integra la información disponible sobre los 
aspectos generales del Dióxido de Cloro con referencias de publicaciones por parte de 
Organismos Internacionales. Constituído por 21 páginas (Folios 152 al 172). 


La evaluación del efecto antiviral del C102 en embriones de pollo inoculados con 
coronavirus aviar productor de bronquitis infecciosa, realizado por Xóchitl Zambrano- 
Estrada y colaboradores permite concluir que el Dióxido de cloro representa una opción 
segura y viable en el control del coronavirus aviar y abre la posibilidad de que los mismos 
efectos sean observados en otros organismos. (Folio 173-174 Anexo 3). 


La finalidad es informar a la Comisión de Salud de la H Cámara de Diputados sobre los usos 
de la molécula de Dióxido de cloro a dosis no tóxicas y sí eficaces y seguras, en beneficio 
del Pueblo de México, así como solicitar su intervención ante las instancias correspondientes 
(COFEPRIS) para que sean autorizados los diversos protocolos de investigación que se 
presenten para corroborar científicamente su utilidad y estimular la investigación por parte 
de otras entidades científicas incluidas la Industria Farmacéutica Nacional y Multinacional 
en cualquier indicación médica, considerándose el hecho de que ya cuenta con varias patentes 
de uso médico (Anexo 4 Folios 175 al 208). 


Es importante mencionar también, que a nivel internacional como es el caso de Bolivia, ya 
se cuenta con 1۵ Ley a nivel Nacional que regula la elaboración, comercialización, suministro 
y uso consentido de la solución de Dióxido de cloro (SDC) como prevención y tratamiento 
ante la pandemia del coronavirus, COVID-19. (Anexo 5 Folios 209 al 217.) 


Con la honrosa representación y en calidad de Presidente de la Coalición Mundial Salud y 
Vida México A.C., quedo a sus órdenes para cualquier duda o aclaración, en el domicilio 
que señalamos para oír y recibir toda clase de notificaciones ubicado en Avenida Jesús del 
Monte No. 37 Piso 2 Despacho No. 9 Col. Jesús del Monte, Huixquilucan, Estado de México 
C.P. 52763, teléfono 5547 47 0605 y correo electrónico drubus8@gmail.com. 


En espera de sus amables comentarios queda de usted 


Atentamente 


es اسر‎ huey r 


Dr. Pedro Chávez Zavala 
Presidente 
COMUSAV MEXICO A.C 


c.c.p. Senador Miguel Ángel Navarro Quintero. Presidente de la Comisión de Salud 
Honorable Cámara de Senadores LXIV Legislatura 
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` COALICIÓN MUNDIAL SALUD Y VIDA 


COMUSAV MEXICO A.C. 


Ciudad de México a 21 de octubre del 2020. 


A‏ سه 
Maestra Rosario Piedra Ibarra : y E dde ü‏ 
Presidenta de la Comisión Nacional de los Derechos Humanos JP. AK iind‏ 
Presente ۹‏ 
A‏ 211 
Muy estimada Maestra Piedra Ibarra, 0۴۱۵۱ ALI A L t p : TON ۶‏ 
جم LOC‏ ۳ 


Sirva la presente para enviar un cordial saludo, así como para 0.00 a- - Comisión 
Nacional de los Derechos Humanos dignamente representada por usted, documentos muy 
importantes sobre la Seguridad, Eficacia y los aspectos generales del Dióxido de Cloro (CDS 
por sus siglas en inglés): 


J. Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en 
humanos y otros mamíferos, con comentarios de la COMUS AV, basado en el reporte 
de la U.S. Environmental Protection Agency (EPA): CHLORINE DIOXIDE AND 
CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado en el año 2,000. 
(Anexo 1). 


2. El reporte científico en extenso, del cual se obtuvo el resumen mencionado 
anteriormente: TOXICOLOGICAL REVIEW OF CHLORINE DIOXIDE AND 
CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In Support of Summary 
Information on the Integrated Risk Information System (IRIS) September 2000 
(Anexo 2). 


3. -Dióxido de Cloro, una terapéutica efectiva para el tratamiento de SARS-COV2 

COVID-19). Asociación Ecuatoriana de Médicos Expertos en Medicina Integrativa. 
-Efficacy and Safety Evaluation of a Chlorine Dioxide Solution. Jui-Wen Ma, et al. 
International Journal of Environmental Research and public Health. 2017. 

-Es tiempo de salvar vidas. Recopilado por la Asociación FCIO2Hope4The Planet 

- In vivo evaluation of the antiviral effect of CIO? in chicken embryos inoculated with 
avian infectious bronchitis coronavirus. Xochit] Zambrano-Estrada, et al. 
doi: httpsAdoi.org/10.1 101/2020.10,13.336708. BioRxIV. The 


Reprint Server for Biology. (Anexo 3) 


4. . Dióxido de Cloro como componente de productos patentados para uso 
médico (Anexo 4) 
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5. -Ley Departamental de 22 de Julio de 2020 de Cochabamba, Bolivia 

-Ley Departamental No. 193 de 9 is septiembre de 2020, Departamento de La Paz 
Departamento de La Paz Bolivia. * 

-Decreto de la Asamblea Legislativa Plurinacional: ٢ que regula la elaboración, 
comercialización, suministro y uso consentido de la solución de Dióxido de cloro 
(SDC) como prevención y tratamiento ante la pandemia del coronavirus COVID- 
19 (Anexo 5). 


El primer documento consta de 11 páginas (Folios 004 al 014), y se trata del resumen de una 
gran cantidad de estudios científicos realizados a nivel internacional sobre la toxicidad del 
dióxido de cloro, con comentarios de la COMUSAV en letra itálica, donde claramente se 
demuestra que a las dosis convenientes el dióxido de cloro en solución, conocido como CDS 
resulta inocuo para la salud humana en todas sus manifestaciones (Anexo 1). 


El segundo documento es el artículo original que consta de 56 páginas (Folios 015 al 070), y 
del cual se elaboró el resumen anterior para que pueda ser consultado en su totalidad y 
cotejado con el documento presentado (Anexo 2). 


El tercer documento que consta de 69 páginas (Folios 071 al 139), presenta el trabajo de 
investigación clínica que se realizó en la Cd. de Guayaquil, Ecuador, del 26 de marzo al 10 
de abril de 2020, y el cual fue dirigido por el Dr. Roberto Edmundo Garcia Espinosa, un 
profesional de la salud con 35 años de experiencia en la práctica médica y 5 médicos más, 
todos ellos acreditados en su especialidad, y con amplia experiencia médica profesional. 


Este estudio clínico se realizó con 104 pacientes que dieron COVID-19 positivo, y cuyas 
edades variaron de 18 a 80 años, de ambos sexos. Estos pacientes fueron intervenidos 
tempranamente en fases 1, 2 y 3 de la enfermedad. El tratamiento aplicado varió según la 
gravedad de los pacientes. En el caso de los pacientes graves se les indico ingerir 60 mg de 
dióxido de cloro diariamente por 2 o 3 días y luego reducir la dosis a 30 mg/día durante 14 
días. Los pacientes sin sintomatología grave ingirieron desde el principio una dosis de 30 
mg/día durante 14 días. 


Los resultados más destacados, tal como se constata en el reporte de investigación clínica, 
certificado por el notario público Dr. Renato Vazquez Leyva, titular de la Notaria 9° del 
Cantón de Guayaquil, Ecuador, fueron los siguientes: 1) En el 82% de los pacientes los 
síntomas remitieron al 4? día, 2) La mortalidad en los 104 pacientes fue de cero pacientes 
fallecidos y 3) Los 104 pacientes una vez aliviados no presentaron secuela alguna de la 
enfermedad. 


En forma adicional al reporte comentado en los párrafos anteriores me permito presentar el 
artículo “Efficacy and Safety Evaluation of a Chlorine Dioxide Solution”. Jui-Wen Ma, et 
al. International Journal of Environmental Research and public Health. 2017,en el cual se 
demuestra mediante la prueba subcrónica de toxicidad oral la NO Toxicidad del CDS. 
(Folios 140 al 151) 
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En el documento "Es tiempo de salvar vidas" se integra la información disponible sobre los 
aspectos generales del Dióxido de Cloro con referencias de publicaciones por parte de 
Organismos Internacionales. Constituído por 21 páginas (Folios 152 al 172). 


La evaluación del efecto antiviral del CIO2 en embriones de pollo inoculados con 
coronavirus aviar productor de bronquitis infecciosa, realizado por Xóchitl Zambrano- 
Estrada y colaboradores permite concluir que el Dióxido de cloro representa una opción 
segura y viable en el control del coronavirus aviar y abre la posibilidad de que los mismos 
efectos sean observados en otros organismos. (Folio 173-174 Anexo 3). 


La finalidad es informar a la Comisión Nacional de los Derechos Humanos sobre los usos de 
la molécula de Dióxido de cloro a dosis no tóxicas y sí eficaces y seguras, en beneficio del 
Pueblo de México, así como solicitar su intervención ante las instancias correspondientes 
(SECRETARIA DE SALUD, COFEPRIS) para que sean autorizados los diversos protocolos 
de investigación que se presenten para corroborar científicamente su utilidad considerándose 
el hecho de que ya cuenta con varias patentes de uso médico (Anexo 4 Folios 175 al 208). 


Es importante mencionar también, que a nivel internacional como es el caso de Bolivia, ya 
se cuenta con la Ley a nivel Nacional que regula la elaboración, comercialización, suministro 
y uso consentido de la solución de Dióxido de cloro (SDC) como prevención y tratamiento 
ante la pandemia del coronavirus, COVID-19. (Anexo 5 Folios 209 al 217.) 


Con la honrosa representación y en calidad de Presidente de la Coalición Mundial Salud y 
Vida México A.C., quedo a sus órdenes para cualquier duda o aclaración, en el domicilio 
que sefialamos para oír y recibir toda clase de notificaciones ubicado en Avenida Jesüs del 
Monte No. 37 Piso 2 Despacho No. 9 Col. Jesús del Monte, Huixquilucan, Estado de México 
C.P. 52763, teléfono 5547 47 0605 y correo electrónico drubus8@gmail.com. 


En espera de sus amables comentarios queda de usted 


Atentamente 


۱ CL > daez 


Dr. Pedro Chávez Zavala 
Presidente 
COMUSAV MEXICO A.C 


c.c.p. Diputada Miroslava Sánchez Galván. Presidenta de la Comisión de Salud de la 
Honorable Cámara de Diputados. 

c.c.p. Senador Miguel Ángel Navarro Quintero. Presidente de la Comisión de Salud 
Honorable Cámara de Senadores LXIV Legislatura 


2718 


— 


س 


COMUSAVO21 


TA 





۰ COMUSAVO 22 


Coalición Mundial Salud y Vida 
-COMUSAV- 


Resumen de la identificación de riesgos por la ingesta del dióxido de cloro en humanos y 
otros mamíferos, basado en el reporte de la U.S. Environmental Protection Agency (EPA): 
CHLORINE DIOXIDE AND CHLORITE. (CAS Nos. 10049-04-4 and 7758-19-2). Publicado 
en el año 2,000. 

En letras cursivas van los comentarios y la comparación de los resultados publicados en este 
reporte de investigación, con las dosis de ingesta que se están proponiendo por los médicos de 
COMUSA V para prevenir o para tratar pacientes de COVID 19. 


Antecedentes: 

La FDA reporta en su sitio Web | (https://www.fda.gov/news-events/press- 
announcements/actualizacion-del-coronavirus-covid-19-la-fda-advierte-empresa-que- 
comercializa-productos-peligrosos, con fecha 8 de abril del 2020), que el dióxido de cloro tiene 
efectos adversos a la salud humana, y lo ha difundido masivamente en los medios, tanto escritos 
como en las redes sociales. Por otro lado, las instituciones de salud de cada país han copiado este 
aviso y lo transcriben íntegramente en sus medios de comunicación, sin verificar la veracidad y 
certeza de estas aseveraciones. Entre los síntomas adversos que reporta la FDA incluye los 
siguientes: 








1. Insuficiencia respiratoria causada por una condición grave en donde la 
cantidad de oxígeno que se transporta a través del torrente sanguíneo se 
reduce considerablemente (metahemoglobinemia). 

Cambios en la actividad eléctrica del corazón (prolongación del QT), lo que 
puede llevar a ritmos cardíacos anormales y posiblemente mortales. 

Baja presión arterial mortal causada por deshidratación. 

Insuficiencia hepática aguda. 

Conteo bajo de células sanguíneas, debido a la rápida destrucción de los 
glóbulos rojos (anemia hemolítica), lo que requiere una transfusión de sangre. 
Vómitos severos. 


۲۳ 
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Sin embargo, dicho aviso no indica si estos síntomas son por la ingesta o por la inhalación del 
gas dióxido de cloro, condiciones totalmente distintas en cuanto a los efectos que esta molécula 
causa al organismo. Además, no deja claro si dichos síntomas son por el uso del producto 
conocido en internet como MMS (Magistral Mineral Solution) o por la solución de dióxido de 
cloro (CDS) a una concentración de solo 0.3 g/litro (3,000 ppm). Solo hace mencióna: “es un 
producto líquido que se vende con 28% clorito sódico en agua destilada y con instrucciones 
de uso para que los consumidores mezclen la solución de clorito sódico con ácido cítrico, jugo 
de limón o lima, u otro ácido como el ácido clorhídrico, antes de tomarlo. Además de referir 
que el clorito sódico se vende como parte de un kit con un ácido cítrico que sirve como 
activador y al mezclarse produce dióxido de cloro, un potente agente blanqueador que causa 
serios efectos colaterales que comprometen la vida”. Por lo que se asume que este comunicado 
de la FDA se refiere al MMS y no al Dióxido de cloro en solución (el cual se encuentra ya 
preparado). Tampoco se indican las dosis a las que se podría causar los síntomas arriba descritos. 
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Por otro lado, la Coalición Mundial Salud y Vida (COMUSAV) que agrupa a 3,000 médicos de 
19 países del mundo reporta, por el contrario, que el dióxido de cloro, utilizado a la dosis correcta 
es una molécula capaz de prevenir y ser tratamiento ante el COVID19. (afirmaciones basadas en 
prácticas de campo y estudios científicos observacionales retrospectivos en humanos, amparados 
en la declaración de Helsinki de la Asociación Médica Mundial que en su artículo 37 dice a la 
letra: 

Intervenciones no probadas en la práctica clínica 

Artículo 37: Cuando en la atención de un paciente las intervenciones probadas no existen u otras 
intervenciones conocidas han resultado ineficaces, el médico, después de pedir consejo de 
expertos, con el consentimiento informado del paciente o de un representante legal autorizado, 
puede permitirse usar intervenciones no comprobadas, si, a su juicio, ello da alguna esperanza de 
salvar la vida, restituir la salud o aliviar el sufrimiento. Tales intervenciones deben ser 
investigadas posteriormente a fin de evaluar su seguridad y eficacia. En todos los casos, esa 
información nueva debe ser registrada y, cuando sea oportuno, y puesta a disposición del público. 


Revisión de literatura científica relacionada con la toxicidad del dióxido de cloro (CDS) 

Para ello se recurrió a uno de los reportes más completos al respecto, el cual fue generado por 
otra agencia de los Estados Unidos de América: la U. S. Environmental Protection Agency (U.S. 
EPA" CHLORINE DIOXIDE AND CHLORITE (CAS Nos. 10049-04-4 and 7758-19-2) In 
support of Summary Information on the Integrated Risk Information System (IRIS) September 
2000”), la cual emitió un reporte donde analiza la posible toxicidad tanto del dióxido de cloro, 
como del clorito de sodio, y las dosis a las que dicha toxicidad podría ocurrir en caso de ser 
ingerido. En este reporte que realiza COMUSAV, el análisis se reduce específicamente al dióxido 
de cloro ingerido por vía oral, el producto que ha mostrado cualidades preventivas y de 
tratamiento ante el COVID 19, según manifiestan los médicos de los diversos países de esta 
organización. 


Diferencias entre el CDS y MMS. 

Mucho se ha vertido en los medios sobre el riesgo de consumir MMS y con mucha frecuencia suele 
confundirse con CDS (Solución de dióxido de cloro). Es importante clarificar que el MMS es una 
solución que se prepara a partir de la mezcla de algunas gotas de cada uno de los dos reactivos: 
Clorito de sodio, por un lado, y un ácido que puede ser cítrico o clorhídrico, por el otro. A esta 
mezcla se agrega en un litro de agua, se deposita en una botella, se cierra herméticamente y se 
ingiere a lo largo del día. El problema de esta mezcla es que ninguno de los dos reactivos es 
químicamente puro y al tomar la mezcla de estos se ingieren las impurezas que traen ambos 
reactivos. Estas impurezas o subproductos químicos pueden generar malestares como diarreas, 
vómitos y otros efectos colaterales que, aunque no son de gravedad, no dejan de ser molestias, en 
especial cuando se bebe una dosis alta de estos productos. También puede ser debido a la mala 
información que existe en el püblico en general sobre el producto, quienes por la urgencia 
sanitaria que se vive, al intentar prevenir o tratar el COVID 19, lleva a no acudir a una asesoría 
o consulta médica y a consumir productos que no han sido preparados bajo la supervisión de 
químicos capacitados en la elaboración. 


Por otro lado, el otro compuesto que solo contiene dióxido de cloro disuelto en agua (CDS) a una 
concentración de 3,000 ppm (mg/L) no contiene las impurezas que contiene el denominado MMS 
proveniente de la mezcla de los dos reactivos descritos arriba. En el caso del CDS se trata de un 
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compuesto sumamente puro, pues las dos sustancias se ponen a reaccionar en un recipiente que 
contiene adentro otro 6011670 contenedor donde se lleva a cabo la reacción química y de donde 
se genera el gas dióxido de cloro que saturará el agua que esta por fuera de este recipiente. Es 
importante aclarar sin lugar a duda que el dióxido de cloro en solución no contiene absolutamente 
nada de clorito de sodio, ni de algún ácido, como se he pretendido confundir en varios spots 
publicitarios que pretenden denostrar la solución del dióxido de cloro. Otra forma de producir el 
dióxido de cloro es por electrolisis. 


En base al procedimiento de su preparación, la solución CDS contiene un elevado grado 
de pureza, pues solo contiene el dióxido de cloro disuelto en agua. En resumen, el MMS contiene 
impurezas que pueden causar malestar al ser ingerido, pero el dióxido de cloro en solución, 
conocido también como CDS, solo contiene el gas dióxido de cloro a una concentración de solo 
0.3 g/L disuelto en agua y del cual se toman solo 5 a 10 ml para ser ingeridos a lo largo del día, 
disueltos en un litro de agua fría. Esta gran diferencia permite que la solución de dióxido de cloro 
sea inocua y sumamente tolerable para ser ingerida en diversas dosis sin causar ningün malestar 
o riesgo para la salud. Los problemas que pudieran existir con relación a la variación de la 
calidad del producto se eliminarían si existiera una estrecha colaboración entre las Agencias, 
Comités o Entidades reguladoras en cada país con la COMUSAV para llevar a cabo la supervisión 
en la elaboración del Dióxido de cloro en solución y asegurar su adecuada calidad, tal como ya 
se ha establecido por ley en el país de Bolivia. 


Introducción 

Este documento se centra solo en la toxicidad por ingesta del compuesto dióxido de cloro, y 
no trata los aspectos de toxicidad por inhalación, pues esa parte no es del interés de esta revisión 
de literatura, además, es bien sabido que aspirar este gas resulta perjudicial para la salud. Por 
otro lado, las dosis reportadas en cada uno de los citados estudios sobre toxicidad se comparan 
con las dosis que se utilizan en la prevención y tratamiento de COVID 19, por los médicos de 
COMUSAV, que van de 5 a 10 ml/día de una solución de dióxido de cloro a una concentración de 
3,000 ppm (5 ml para gente poco expuesta y 10 ml para gente más expuesta, como por ejemplo el 
personal de salud que está atendiendo pacientes COVID 19 u otro personal que por su actividad 
de servidor püblico se encuentre expuesto a una carga viral elevada. Dicha cantidad de solución 
madre de 3,000 ppm se disuelve en un litro de agua fría y se bebe durante el día. Es decir, esto 
equivale a una dosis de 15 a 30 mg/día en pacientes adultos con un peso promedio de 60 kg, un 
valor que oscila entre 0.25 y 0.50 mg/kg-día. Contra esta dosis estaremos comparando todos los 
reportes que se presentarán a lo largo de esta revisión bibliográfica, tomada de fuentes científicas 
debidamente acreditadas. 


Propiedades físicas del compuesto 

El dióxido de cloro (CIO?) es un gas con un peso molecular de 67.46, un punto de ebullición 
de 11 ?C, una solubilidad en agua de 3,000 mg/L a 25?C y presenta una gravedad específica de 
1.642 a 0°C (Budavar et al., 1989). 


Absorción gastrointestinal 
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Después de la ingestión, el dióxido de cloro se absorbe rápidamente por el tracto digestivo. 
Los niveles plasmáticos máximos se observan 2 horas después de su ingestión y se estima que al 
menos el 30% de la dosis de prueba ingerida fue absorbida (Abdel-Rahman et al., 19792). 


Distribución en el organismo después de su ingesta 

Una vez ingerido el compuesto se distribuye por todo el cuerpo, pero las concentraciones más 
altas se encontraron en la sangre, el estómago y el intestino delgado (Abdel-Rahman et al., 1982). 
Setenta y dos horas después de la ingesta de una dosis única de 100 mg/L, la mayor parte del cloro 
se detectó en la forma de ion cloruro (CT), y la proporción de cloruro a clorito (CIO2) fue de 4 a 1 
(Abdel-Rahman et al., 1979b). 


Metabolismo 

El ion cloruro es el metabolito final del dióxido de cloro en el organismo, acumulándose en 
orina y plasma en 87 y 80% respectivamente. A partir de una solución ingerida de 100 mg/litro y 
utilizando cloro marcado radiactivamente para seguir su curso en el organismo, el clorito fue un 
metabolito importante, representando aproximadamente el 11% en la orina y el 21% en plasma del 
total del cloro del dióxido de cloro marcado (Abdel-Rahman et al., 1979b). Un estudio de 
recuperación in vivo en ratas, realizado por Bercz et al. (1982) sugiere que el dióxido de cloro 
ingerido se reduce rápidamente en el estómago a especies no oxidantes (presumiblemente cloruro). 


Eliminación 

La forma química en la que se elimina el dióxido de cloro es a través de orina y heces. Setenta 
y dos horas después de la ingesta de dióxido de cloro marcado en ratas, el 31 y el 1096 de éste fue 
excretado en la orina y las heces, respectivamente y la relación de CF a CIO», fue de 5 a 1 durante 
las primeras 24 horas y de 4 a 1 durante las primeras 72 horas (Abdel-Rahman et al., 1979b). 


Identificación de riesgos en humanos 

La toxicidad a corto plazo del dióxido de cloro se evaluó en dos estudios en humanos. En 
el primer estudio Lubbers et al. (1982) evaluaron a un grupo de 10 adultos varones sanos de 70 kg 
de peso, que ingirieron una dosis ünica de 0.34 mg/kg de peso vivo. En el segundo estudio (Lubbers 
et al., 1984a) evaluaron la ingesta 0.04 mg/kg-día, durante 12 semanas. después de realizar 
observaciones y exámenes físicos. Dentro de éstos incluyeron, los signos vitales como presión 
arterial, frecuencia del pulso, tasa de respiración y temperatura corporal, también parámetros de 
química clínica sérica (incluyendo glucosa, nitrógeno de urea, fósforo, fosfatasa alcalina y 
aminoácidos de aspartato y alanina), así como niveles de triyodotironina sérica (T3) y tiroxina (T4) 
al igual que parámetros hematológicos. Ninguno de los dos estudios reportó alteraciones 
fisiológicamente relevantes en la salud general. 


Consumo de agua potable desinfectada con dióxido de cloro. 

Michael et al. (1981), Tuthill et al. (1982) y Kanitz et al. (1996) compararon comunidades 
que consumían agua potable desinfectada con dióxido de cloro versus comunidades que no usaban 
este reactivo químico y compararon su efecto por medio de análisis de sangre. El estudio duró 10 
semanas y se realizó con 118 individuos. La ingesta media de dióxido de cloro en las comunidades 
que lo consumían fue de 0.15 mg/kg al día. Estos investigadores reportan que no se detectaron 
alteraciones hematológicas o en química sérica en este estudio. Este valor de 0.15 mg/kg-dia es 
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moderadamente cercano a los valores que utiliza COMUSAV para prevenir y de tratamiento ante 
COVID 19, que van de 0.25 a 0.50 mg/kg-día. 


Tuthill et al. (1982) compararon retrospectivamente los datos de morbilidad y mortalidad 
infantil para una comunidad que había utilizado niveles "altos" de dióxido de cloro como 
desinfectante de agua potable en la década de 1940 con datos de una comunidad vecina que 
utilizaba prácticas convencionales de cloración de agua potable, desafortunadamente no 
informaron de las concentraciones de dióxido de cloro en el agua tratada. La exposición al agua 
tratada con dióxido de cloro no afectó negativamente a la mortalidad fetal, neonatal, post neonatal 
o infantil, ni afectó el peso al nacer, la proporción sexual o la condición de nacimiento. 


Por su parte, en Italia Kanitz et al. (1996) dieron seguimiento a 548 nacimientos en el Hospital 
Galliera de Génova y 128 nacimientos en el Hospital Chiavari, en Chiavari, durante 1988-1989. 
Las mujeres en Génova fueron expuestas a agua filtrada desinfectada con dióxido de cloro, 
hipoclorito de sodio, o ambos; los niveles de trihalometano variaron de 8 a 16 ppb en agua tratada 
con hipoclorito sódico y de 1 a 3 ppb en agua desinfectada con dióxido de cloro. Los autores del 
estudio concluyeron que los bebés de mujeres que consumían agua potable tratada con compuestos 
de cloro durante el embarazo tenían un mayor riesgo de adquirir ictericia neonatal, circunferencia 
craneal menor de 35 cm y longitud corporal menor de 49.5 cm. Sin embargo, los datos de referencia 
atípicos plantean preocupaciones sobre la población testigo seleccionada para este estudio y 
dificultan la interpretación de cualquier comparación con el grupo expuesto, excluyendo así la 
capacidad de sacar conclusiones de este estudio, según lo refiere Selevan, (1997), por lo que dicho 
trabajo no puede ser considerado confiable para dilucidar las conclusiones reportadas por los 
autores que lo generaron. 


Efectos de largo plazo del dióxido de cloro. 

Daniel et al., (1990) trabajaron con ratas de la línea Sprague-Dawley y expusieron grupos 
de 10 machos y 10 hembras al dióxido de cloro en el agua potable durante 90 días, a dosis 
administradas equivalentes a 0, 2, 4, 6 6 12 mg/kg-día de dióxido de cloro para machos; y 0, 2, 5, 
8 6 15 mg/kg-día de dióxido de cloro para las hembras. La exposición a 12 mg/kg-día, dio lugar a 
reducciones significativas en el peso corporal final. También se observaron disminuciones en el 
consumo de alimentos en la dosis más alta. Los pesos hepáticos absolutos disminuyeron en los 
machos a partir de la dosis de 6 mg/kg-día y los pesos absolutos del bazo disminuyeron en las 
hembras a partir de la dosis de 2 mg/kg-día. No se observaron alteraciones consistentes en los 
parámetros hematológicos (recuentos totales y de leucocitos totales y diferenciales, niveles de 
hemoglobina, hematocrito y volumen corpuscular medio, medido). Los niveles séricos de lactato 
deshidrogenasa y aspartato aminotransferasa disminuyeron y los niveles séricos de creatinina 
aumentaron en los machos expuestos a 6 y 12 mg/kg-día. No se encontraron otras alteraciones en 
los parámetros de química sérica. Por lo tanto, a partir de 2 mg/kg-día se podría considerar como 
un nivel en el cual no se aprecia un efecto adverso (NOAEL). Esta dosis es 4 a 8 veces más alta 
que la dosis que han usado los médicos de COMUSAV para prevenir y de tratamiento ante el 
COVID 19. 


En un estudio de toxicidad crónica realizado por Haag (1949), grupos de siete ratas macho 
y siete ratas hembra fueron expuestos a dosis de dióxido de cloro equivalentes a: 0, 0.07, 0.13, 0.7, 
1.3 y 13.0 mg/kg-día según lo calculado por la EPA de los Estados Unidos, durante 2 años. La 
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supervivencia en el grupo de 13 mg/kg-día disminuyó significativamente. No se observaron 
alteraciones relacionadas con el dióxido de cloro en el examen histopatológico de animales 
representativos (2-6/sexo) de cada grupo. Para este estudio identificaron un nivel en el cual no se 
observa ningún efecto adverso (NOAEL), de 1.3 mg/kg-día y un nivel de efectos francos (FEL), 
basado en una disminución de la supervivencia, de 13 mg/kg-día. En este estudio el valor NOAEL 
fue menor que en el estudio de Daniel et al. (1990), pero, aun así, es 3 a 3 veces más alto que las 
dosis usadas para prevenir o de tratamiento ante el COVID 19, propuesto por la COMUSA V. 

Bercz et al. (1982) utilizaron un diseño de dosis ascendente en el que cada animal servía 
como su propio control. Cinco monos verdes africanos adultos y siete hembras (Cercopithecus 
aethiops) fueron expuestos a dosis equivalentes a 0, 3.5 y 9.5 mg/kg-día de dióxido de cloro. En 
este estudio no se presentaron alteraciones significativas en la química clínica hematológica 
(eritrocitos, leucocitos totales y diferenciales, recuentos de reticulocitos, niveles de hemoglobina, 
hematocrito, fragilidad osmótica y niveles de metahemoglobina) o en química clínica sérica 
(creatinina, nitrógeno de urea en sangre [BUN], fosfatasa alcalina, deshidrogenasa de lactato y 
alanina y aspartato aminotransferasa) o aumento de peso corporal. Los niveles séricos de T4 
disminuyeron significativamente en los monos expuestos a dióxido de cloro de 9.5 mg/kg-día. Así, 
este estudio identifica un NOAEL de 3.5 mg/kg-día y un LOAEL de 9.5 mg/kg-día, para 
alteraciones en los niveles de hormona tiroidea en monos expuestos al dióxido de cloro en el agua 
potable durante 4-6 semanas. Para este estudio, el NOAEL, es decir el nivel más bajo en el que 
no se observan efectos adversos es de 3.5 mg/kg-día, es decir 7 a 14 veces más alto que el usado 
para prevenir o de tratamiento ante el COVID 19 propuesto por la COMUSAV. 


Abdel-Rahman y col. (1984b) expusieron grupos de cuatro ratas macho Sprague-Dawley a 
dosis logarítmicamente consecutivas de O, 0.1, 1, 10 y 100 mg/kg-día. Estos investigadores 
evaluaron el peso corporal de las ratas y algunas variables hematológicas como: fragilidad 
osmótica, hematocrito, y hemoglobina. Sin embargo, la falta de una relación consistente entre la 
dosis y las alteraciones hematológicas y el pequeño número de animales (solo cuatro 
machos/grupo) confunden la interpretación del estudio, lo que dificulta obtener conclusiones 
definitivas de este trabajo. De igual forma, Couri y Abdel-Rahman (1980) realizaron una 
investigación en ratas Sprague-Dawley (cuatro machos/grupo) con 4 niveles de dióxido de cloro 
además del testigo (dosis equivalentes de: 0, 0.1, 1, 10 6 100 mg/kg-día) y estudiaron los niveles 
de glutatión reductasa en sangre, glutatión peroxidasa y niveles de catalasa en eritrocitos. Sin 
embargo, al igual que con Abdel-Rahman et al. (1984b), la relación inconsistente entre la dosis y 
la magnitud de las alteraciones en el sistema dependiente del glutatión dificulta la interpretación 
de sus resultados. Además, no está claro si estos efectos son biológicamente significativos, lo que 
excluyó la determinación de una NOAEL y una LOAEL para estos estudios. Por otro lado, Moore 
y Calabrese (1982) expusieron grupos de 10 ratones A/J o C57L/J (sexo no especificado) a 0 ó 19 
mg/kg-día durante 30 días y no observaron alteraciones significativas en los parámetros 
hematológicos (hemograma completo, recuento de reticulocitos, actividad de glucosa-6-fosfato y 
fragilidad osmótica) en ninguna de las cepas de ratón. 


Efecto del dióxido de cloro sobre el desarrollo reproductivo. 

Carlton y col. (1991) administraron dosis diarias por sonda, equivalentes a: 0, 2.5, 5.0, 6 
10 mg/kg-día, de dióxido de cloro en agua desionizada a grupos de 12 ratas Long-Evans macho, 
durante 56 días antes del apareamiento y durante un período de apareamiento de 10 días. Grupos 
de 24 ratas hembra recibieron las mismas dosis por sonda durante 14 días antes del apareamiento, 
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durante el período de apareamiento y durante la gestación y la lactancia. No se observaron 
alteraciones significativas en la mortalidad, los signos clínicos, las tasas de fertilidad, los 
parámetros de los espermatozoides, la duración de la gestación, las muertes prenatales, el tamaño 
medio de la camada o el peso medio de las crías. Tampoco se observaron alteraciones significativas 
en el peso de los órganos del tracto reproductivo en las ratas macho Fl. En las ratas hembra Fl, 
hubo disminuciones estadísticamente significativas en los pesos absolutos y relativos de la vagina 
en el grupo de 10 mg/kg-día, pero no hubo diferencias en los pesos corporales terminales o los 
pesos uterinos y ováricos. No se midieron alteraciones consistentes relacionadas con el dióxido de 
cloro en los niveles de 13 6 T4 en las ratas macho y hembra FO y en las ratas macho Fl (niveles 
hormonales medidos en los días 17, 28 y 40 postnatales). Este estudio identifica un NOAEL de 10 
mg/kg-día para efectos reproductivos en ratas que reciben dosis de dióxido de cloro por sonda. 
Esta NOAEL es 20 a 40 veces más elevado que la usada para fines de prevenir o de tratamiento 
ante el COVID 19. 


En un estudio de toxicidad para el desarrollo realizado por Suh et al. (1983), a grupos de 
seis a ocho ratas hembra Sprague-Dawley se les administró 0, 0.1, 1 y 10 mg / kg-día, durante 2.5 
meses antes del apareamiento con machos no expuestos y durante los días de gestación 0-20; las 
madres se sacrificaron al día 20 de gestación. Este estudio identifica un NOAEL de 1 mg/kg-día y 
LOAEL de 10 mg / kg-día, para efectos de desarrollo en la descendencia de ratas expuestas al 
dióxido de cloro en el agua potable. En este caso el NOAEL es 2 a 4 veces más elevado a la 
recomendada y usada para prevenir o de tratamiento ante el COVID 19. 


Toth et al. (1990) examinaron la toxicidad del dióxido de cloro en el desarrollo neurológico 
en las ratas encapuchadas Long-Evans expuestas postnatalmente. Este estudio identifica una 
LOAEL de 14 mg/kg-día para el parámetro desarrollo del cerebro en ratas expuestas 
postnatalmente. Mobley y col. (1990) expusieron grupos de 12 ratas hembra Sprague-Dawley 0 
ó 14 mg/kg-día. En el día 42 posterior a la concepción, no hubo alteraciones significativas en la 
captación total de T3 o T4, T4 libre o T3. El día en que abrieron los ojos no se vio afectado 
significativamente por la exposición al dióxido de cloro. Por lo tanto 14 mg/kg-día es el LOAEL 
para la disminución del peso de la camada y la actividad exploratoria. 


En un estudio realizado por Orme et al., (1985) diseñado para evaluar la toxicidad del 
dióxido de cloro en la tiroides, grupos de ratas hembra Sprague-Dawley fueron expuestos dosis 
equivalentes de O, 1, 3 y 14 mg/kg-día durante 2 semanas antes del apareamiento y durante la 
gestación y la lactancia. Este estudio identifica un NOAEL de 3 mg/kg-día, y un LOAEL de 14 
mg/kg-día para efectos neuroconductuales. El estudio de Orme et al. (1985) muestra un NOAEL 
de 6 a 12 veces más elevado que la dosis usada para prevenir o de tratamiento ante el COVID 19. 


Taylor y Pfohl (1985) expusieron grupos de 13-16 ratas hembra Sprague-Dawley a 0 y 14 
mg/kg-día de dióxido de cloro y reportan un LOAEL para efectos neuroconductuales, disminución 
del peso cerebral y námero de células en la descendencia de ratas expuestas al dióxido de cloro en 
el agua potable y en ratas expuestas postnatalmente al dióxido de cloro por sonda nasogástrica, de 
14 mg/kg-día. Un nivel 26 a 56 veces más elevado que la dosis usada para prevenir o de 
tratamiento ante el COVID 19. 
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Estudios de carcinogenicidad con la ingestión de dióxido de cloro. 

Miller et al. (1986) probaron el potencial carcinogénico del agua potable desinfectada con 
dióxido de cloro utilizando tres ensayos a corto plazo. Después de la desinfección con dióxido de 
cloro, las muestras de agua (que contenían 0.5 mg/L de residuos de dióxido de cloro) se 
concentraron 2,000 y 4,000 veces usando un proceso de resina macrorreticular. Se administraron 
por vía oral a grupos de 14 a 34 ratones SENCAR (no se especifica el sexo) 0.5 ml del concentrado 
4000 x en emulforado al 2% por tres veces a la semana durante 2 semanas, seguido de exposición 
tópica a 1.0 g de 12 tetradecanilforbal-13-acetato (TPA) en acetona aplicado a la piel dorsal 3 
veces/semana durante 20 semanas y luego sacrificados. No se observaron aumentos significativos, 
en comparación con los controles de vehículo, en el número de tumores de piel o en el número de 
tumores por animal. 


En un ensayo de adenoma de pulmón realizado por Miller et al. en 1986, evaluaron en 
grupos de 20 ratones macho y 20 hembras de la cepa A, los cuales recibieron dosis de 0.25 ml por 
sonda de concentrados de 2,000 y 4,000 veces concentrado al 2%, 3 veces por semana durante 8 
semanas seguidas en un período de observación de 16 semanas. En este ensayo el número de 
animales con adenomas pulmonares y el número de adenomas por animal no se alteraron 
significativamente en comparación con los testigos. Miller et al. (1986) también examinaron el 
desarrollo de focos hepáticos en ratas en un ensayo a corto plazo. En este estudio, grupos de ratas 
parcialmente hepatectomizadas recibieron una dosis única de agua concentrada (no se informa la 
concentración de dióxido de cloro) en emulfora al 2%, seguida una semana después de la 
administración de 500 ppm de fenobarbital sódico en agua potable durante 56 días; los animales se 
sacrificaron el día 70. Un grupo testigo recibió agua no desinfectada. No se observaron aumentos 
significativos en la incidencia de focos de B-glutamiltranspeptidasa, la cual es un indicador de 
trastornos hepáticos. Los estudios revisados hasta la fecha no reportan ninguna evidencia de que 
el dióxido de cloro pueda causar efectos cancerígenos. 


Estudios de Genotoxicidad 

Se han encontrado resultados tanto positivos como negativos en estudios de genotoxicidad 
in vitro. Por un lado, el dióxido de cloro no aumentó las aberraciones cromosómicas en las células 
de fibroblastos de hámster chino, pero sí aumentó la mutación inversa en Salmonella typhimurium 
(con activación) (Ishidate et al., 1984). Sin embargo, las muestras de agua desinfectadas con 
dióxido de cloro no indujeron mutaciones inversas en $. typhimurium con o sin activación (Miller 
et al., 1986). Los ensayos de aberración cromosómica de micronúcleo y médula ósea in vivo en 
ratones Swiss CD-1 a los que se les administró de 0.1 a 0.4 mg de dióxido de cloro por sonda 
durante 5 días consecutivos fueron negativos, al igual que un ensayo de anomalías en la cabeza del 
esperma en ratones B6C3Fl a los que se les administraron 0.1 a 0.4 mg por sonda por 5 días 
consecutivos (0, 3.2, 8 y 16 mg/kg-día) (Meier et al., 1985). Hayashi y col. (1988) informaron 
resultados positivos en el ensayo de micronticleos en ratones dd Y después de una única inyección 
intraperitoneal de 3.2 a 25 mg/kg de dióxido de cloro. 


Mecanismos de acción del dióxido de cloro en dosis elevadas. 

Es muy probable que el daño oxidativo a los eritrocitos y la producción de 
metahemoglobina en dosis elevadas de dióxido de cloro, por encima de las dosis que se usan para 
prevenir y de tratamiento ante el COVID 19, estén relacionados con sus propiedades oxidantes 
(U.S. EPA, 1994d). Se cree que el clorito es la especie intermedia responsable de muchos de los 
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efectos hematológicos del dióxido de cloro, debido a su producción más eficiente de 
metahemoglobina, el agotamiento del glutatión de los glóbulos rojos (RBC) y la alteración de la 
fragilidad de los eritrocitos. 


En una serie de experimentos, Bercz, et al. (1982, 1986); y Harrington et al. (1986) 
sugirieron que el dióxido de cloro aumenta la unión del yoduro de la dieta al tejido y contenido 
gastrointestinal, produciendo una deficiencia funcional de yoduro. Bercz y col. (1982) encontraron 
niveles reducidos de tiroxina circulante en monos que bebían más de 9.5 mg/kg de dióxido de cloro 
al día. En un estudio de seguimiento, Harrington et al. (1986) demostraron aumentos en la 
absorción de yoduro de tiroides y un rebote en los niveles de tiroxina en monos que un año después 
de una exposición por $ semanas a aproximadamente د‎ mg/kg-día de dióxido de cloro en el agua 
potable. A diferencia de los monos, las ratas mostraron disminuciones relacionadas con la dosis en 
los niveles de tiroxina y ninguna alteración en la absorción de yoduro de tiroides después de una 
exposición de 8 semanas a 10 mg/kg de dióxido de cloro al día en el agua potable. Estas dosis son 
excesivamente altas (20 a 40 veces más elevadas) con relación a las que se usan en el tratamiento 
preventivo o de tratamiento de dióxido de cloro en solución contra el COVID 19. 


Síntesis general de los estudios de toxicidad 

A la fecha no se ha podido demostrar que el dióxido de cloro cause efectos tóxicos al ser 
humano a los niveles utilizados para prevenir o de tratamiento ante el COVID-19, cuyas dosis van 
de 0.25 a 0.50 mg/kg-día y están muy por debajo de las concentraciones reportadas como NOAEL 
en la mayoría de los reportes de investigación sobre dióxido de cloro. 


El estudio crónico de agua potable de Haag (1949) informó disminuciones en la 
: supervivencia de ratas expuestas a 13 mg/kg-día de dióxido de cloro, durante 2 años, pero no se 
informó la causa de la muerte y no se observaron efectos a concentraciones más bajas. Otros 
estudios subcrónicos/crónicos examinaron principalmente los parámetros hematológicos. Bercz, et 
al., (1982) encontraron disminuciones significativas en los niveles séricos de T4 en monos 
expuestos a 9.5 mg/kg de dióxido de cloro al día en el agua potable durante 4 a 6 semanas. Los 
efectos hematológicos adversos no pudieron discernirse en Abdel-Rahman et al. (1984b) porque 
no hubo una relación dosis-efecto consistente. Además, Daniel et al. (1990), Bercz et al. (1982) y 
Moore y Calabrese (1982) no encontraron alteraciones hematológicas en ratas, monos o ratones, 
respectivamente. Abdel-Rahman y col. (1984b) y Couri y Abdel-Rahman (1980) informaron de 
alteraciones en el sistema dependiente del glutatión, en particular, disminuciones en los niveles de 
glutatión en los eritrocitos, aumentos en la actividad del glutatión peroxidasa y aumentos en los 
niveles de catalasa en los eritrocitos. Sin embargo, al igual que con los efectos hematológicos que 
encontró este grupo, faltaron relaciones consistentes entre la dosis y la magnitud de las 
alteraciones. Solo en dosis elevadas de dióxido de cloro con niveles 30 veces mayores a los usados 
para prevenir o de tratamiento ante el COVID-19, se han observado efectos dañinos en ratas o 
monos. 
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Estudio de efectos cancerígenos del dióxido de cloro 

Según las pautas actuales (U.S. EPA, 1986a), el dióxido de cloro está clasificado como 
Grupo D, (no clasificable en cuanto a carcinogenicidad en humanos) debido a que no hay datos que 
hayan probado su efecto cancerígeno. Segün el borrador de las Directrices de Evaluación de 
Carcinógenos (U.S. EPA, 1996a), la carcinogenicidad humana del dióxido de cloro no se puede 
determinar porque no se encontraron estudios satisfactorios en humanos o animales que evalüen el 
potencial carcinogénico crónico del dióxido de cloro. El potencial carcinogénico de los 
concentrados preparados a partir de agua potable tratada con dióxido de cloro fue estudiado por 
Miller et al. (1986) y los concentrados de dióxido de cloro no aumentaron la incidencia de 
adenomas pulmonares en ratones de la cepa A. 


Conclusiones del efecto de la dosis sobre la toxicidad del dióxido de cloro. 

En general, los estudios en humanos no han reportado efectos adversos en individuos que 
consumen bajas concentraciones (0.04-0.15 mg/kg-día) de dióxido de cloro en estudios 
experimentales (Lubbers et al., 1981, 1982, 1984a) o que consumen agua potable desinfectada con 
dióxido de cloro (Michael et al., 1981; Tuthill et al., 1982). 

El estudio epidemiológico de Kanitz et al. (1996) donde reportan aumentos en el riesgo de 
varios efectos en el desarrollo (ictericia neonatal, circunferencia craneal pequeña y longitud 
corporal más corta) en una comunidad con agua potable desinfectada con dióxido de cloro, tiene 
numerosas limitaciones (incluidas múltiples exposiciones químicas; falta de datos de exposición; 
falta de control del tabaquismo, la edad y los hábitos nutricionales; y datos de control atípicos), 
por lo que queda descartado como un estudio serio para obtener conclusiones válidas. 


Taylor y Pfohl, 1985; Toth et al., 1990), Orme et al., 1985; Taylor y Pfohl, 1985; Mobley 
et al., 1990) estudiaron la toxicidad del dióxido de cloro, sobre diversos Órganos del cuerpo, en 
diferentes etapas de desarrollo del animal estudiado, y reportan una LOAEL para estos efectos de 
14 mg/kg-día de dióxido de cloro. Por su parte Orme, et al., (1985) identificaron un NOAEL de 3 
mg/kg-día. Esta última, por cierto, se ubica 6 a 12 veces por encima de las dosis utilizadas en 
seres humanos para prevenir o de tratamiento para el coronavirus COVID 19, propuesto por la 
COMUSA V. 


Conclusiones generales 

Los valores más frecuentes a partir de la literatura revisada y citada en este reporte indican que 
la FEL (Nivel de efectos francos) es de 27 mg/kg-día, la LOAEL (Nivel más bajo que muestra 
efectos adversos) de 13 mg/kg-día y la NOAEL (Nivel sin efectos adversos observables) resultó 
ser del orden de 3.0 mg/kg-día. El protocolo sugerido por Kalcker (2020) propone la ingesta de 
10 mililitros de una solución de dióxido de cloro a una concentración de 3,000 mg/litro, disueltos 
en un litro de agua y bebidos durante el día, como estrategia para prevenir y de tratamiento ante 
el COVID 19, es decir que la ingesta real es de 30 mg/día para adultos con pesos de 50 a 80 kg. 
Si consideramos un peso promedio de 60 kg, la dosis que se ingiere es de 0.5 mg/kg-día, es decir 
6 veces por debajo de la dosis considerada como NOEAL. En otras ocasiones la dosis preventiva 
para personas no expuestas o muy poco expuestas se ha reducido a solo 5 ml de la solución de 
3,000 ppm por día, lo que representa una ingesta de solo 0.25 mg/kg-día. Por lo anterior la 
revisión de literatura científica confirma que el uso de dióxido de cloro ingerido a una dosis de 
0.25 a 0.50 mg/kg-día no representa un riesgo demostrado de toxicidad por ingestión para la salud 
humana. 
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En cuanto a los síntomas adversos que se han reportado en diversos comunicados y que se citan 
al inicio de este documento, al realizar una revisión en el International Clinical Trial Registry 
Plataform (ICTRP), en el sitio: www.clinicaltrial.gov y en bases de datos como: bioRxiv, medRxiv, 
www.preprints.org, entre otros, no se encontró ningún reporte científico que demuestre o 
mencione que la ingesta oral de la dilución acuosa de dióxido de cloro haya ocasionado la muerte 
de algún ser humano, ni evento dañino alguno de sus órganos, aparatos o sistemas. 


Adendum 

Es importante hacer notar que las Agencias, Comités o entidades encargadas de la supervisión 
de la salud püblica, una vez que se siga demostrando mediante diversos reportes científicos la 
inocuidad del dióxido de cloro a las dosis adecuadas, deben de destinar recursos para la 
investigación, en los cuales se incluyan al sector gubernamental, iniciativa privada en su rama 
de la industria farmacéutica y a la COMUSAV. Dichos recursos son de vital importancia para 
continuar el estudio de esta molécula del dióxido de cloro, dado que se ha demostrado bajo la 
experimentación observacional retrospectiva, ser un recurso para el manejo del COVID-19, y 
teniendo en cuenta que al ser una emergencia médica la actual pandemia, y que pocos o ningún 
medicamento han demostrado su efectividad contra este virus, debe de dejar de satanizarse sin 
bases científicas y en lugar de ello debe de ser un tema prioritario de investigación en el medio 
académico y en los hospitales de todo el mundo. También se tiene que hacer notar que el dióxido 
de cloro tiene otras aplicaciones ya patentadas en la rama de la medicina y muchas otras que 
pueden ser estudiadas para la generación de nuevas patentes. 


Abreviaturas utilizadas en el texto. 

FEL. El Nivel de efecto franco, por sus siglas en inglés: Frank effect level 

LOAEL. El Nivel más bajo que muestra efectos adversos, por sus siglas en inglés: Lowest 
Observed Adverse Effect Level. 

NOAEL. Nivel sin efectos adversos observables, por sus siglas en inglés: Non Observed 6 
Effect Level. 

CDS. Solución de dióxido de cloro, por sus siglas en ingles Chlorine Dioxide Solution. 

MMS. Por sus siglas en ingles Magistral Mineral Solution; o Solución que contiene la mezcla de 
una dosis en gotas de clorito de sodio y otra cantidad igual en gotas de ácido cítrico o ácido 
clorhídrico (1 a 10 gotas de cada una), se esperan 40 segundos a que se lleve a 
cabo la reacción, se le agrega agua y se ingiere la solución. 

PPB. Partes por billón, o microgramos de una sustancia contenidos en un litro de agua. 

PPM. Partes por millón o mg de una sustancia disueltos en un litro de agua. 
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DISCLAIMER 


This document has been reviewed in accordance with U.S. Environmental Protection 
Agency policy. Mention of trade names or commercial products does not constitute 
endorsement or recommendation for use. 

This document may undergo revisions in the future. The most up-to-date version will be 
made electronically via the IRIS Home Page at http://www.epa.gov/iris. 
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FOREWORD 


The purpose of this Toxicological Review 18 to provide scientific support and rationale 
for the hazard and dose-response assessment in IRIS pertaining to chronic exposure to chlorine 
dioxide and chlorite. It is not intended to be a comprehensive treatise on the chemical or 
toxicological nature of chlorine dioxide and chlorite. 


In Section 6, EPA has characterized its overall confidence in the quantitative and 
qualitative aspects of hazard and dose response. Matters considered in this characterization 
include knowledge gaps, uncertainties, quality of data, and scientific controversies. This 
characterization 1s presented in an effort to make apparent the limitations of the assessment and 
to aid and guide the risk assessor in the ensuing steps of the risk assessment process. 


For other general information about this assessment or other questions relating to IRIS, 
the reader 1s referred to EPA's Risk Information Hotline at 513-569-7254. 
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1. INTRODUCTION 


This document presents background and justification for the hazard and dose-response 
assessment summaries in the U.S. Environmental Protection Agency (EPA) Integrated Risk 
Information System (IRIS). IRIS summaries may include an oral reference dose (R£D), 
inhalation reference concentration (RfC), and a carcinogenicity assessment. 


The RfD and RfC provide quantitative information for noncancer dose-response 
assessments. The RÍD is based on the assumption that thresholds exist for certain toxic effects 
such as cellular necrosis but may not exist for other toxic effects such as some carcinogenic 
responses. It is expressed in units of mg/kg-day. In general, the RID is an estimate (with 
uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human population 
(including sensitive subgroups) that is likely to be without an appreciable risk of deleterious 
noncancer effects during a lifetime. The inhalation RIC is analogous to the oral RID, but it 
provides a continuous inhalation exposure estimate. The inhalation RfC considers toxic effects 
for the respiratory system (portal of entry) and for effects peripheral to the respiratory system 
(extra respiratory or systemic effects). It is generally expressed in units of mg/m”. 


The carcinogenicity assessment provides information on the carcinogenic hazard potential 
of the substance in question and quantitative estimates of risk from oral exposure and inhalation 
exposure. The information includes a weight-of-evidence judgment of the likelihood that the 
agent is a human carcinogen and the conditions under which the carcinogenic effects may be 
expressed. Quantitative risk estimates are presented in three ways. The slope factor 18 the result 
of application of a low-dose extrapolation procedure and is presented as the risk per mg/kg-day. 
The unit risk is the quantitative estimate in terms of either risk per : g/L drinking water or risk 
per : g/m’ air breathed. Another form in which risk is presented is a drinking water or air 
concentration providing cancer risks of 1 in 10,000, 1 in 100,000, or 1 in 1,000,000. 


Development of these hazard identification and dose-response assessments for chlorine 
dioxide and chlorite has followed the general guidelines for risk assessment as set forth by the 
National Research Council (1983). EPA guidelines that were used in the development of this 
assessment may include the following: Guidelines for Carcinogen Risk Assessment (U.S. EPA, 
1986a); Guidelines for the Health Risk Assessment of Chemical Mixtures (U.S. EPA, 1986b); 
Guidelines for Mutagenicity Risk Assessment (U.S. EPA, 1986c); Guidelines for Developmental 
Toxicity Risk Assessment (U.S. EPA, 1991); Guidelines for Neurotoxicity Risk Assessment (U.S. 
EPA, 1998a); Proposed Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1996a); 
Reproductive Toxicity Risk Assessment Guidelines (U.S. EPA, 1996b); Recommendations for and 
Documentation of Biological Values for Use in Risk Assessment (U.S. EPA, 1988); (proposed) 
Interim Policy for Particle Size and Limit Concentration Issues in Inhalation Toxicity (U.S. EPA, 
1994a); Methods for Derivation of Inhalation Reference Concentrations and Application of 
Inhalation Dosimetry (U.S. EPA, 1994b); Peer Review and Peer Involvement at the U.S. 
Environmental Protection Agency (U.S. EPA, 1994c); Use of the Benchmark Dose Approach in 
Health Risk Assessment (U.S. EPA, 1995); Science Policy Council Handbook: Peer Review (U.S. 
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EPA, 1998b); and a memorandum from EPA Administrator, Carol Browner, dated March 21, 
1995, Subject: Guidance on Risk Characterization. 


Literature search strategies employed for these compounds were based on the CASRN 
and at least one common name. At a minimum, the following databases were searched: RTECS, 
HSDB, TSCATS, CCRIS, GENETOX, EMIC, EMICBACK, DART, ETICBACK, TOXLINE, 
CANCERLINE, MEDLINE, and MEDLINE backfiles. Any pertinent scientific information 
submitted by the public to the IRIS Submission Desk was also considered in the development of 
this document. 


2. CHEMICAL AND PHYSICAL INFORMATION RELEVANT TO ASSESSMENTS 


Chlorine dioxide (CIO, ; CASRN 10049-04-4) is a yellow to reddish-yellow gas at room 
temperature that is stable in the dark but 1s unstable in light. It is a strong oxidizing agent that 
under oxidant demand conditions is readily reduced to chlorite (ClO,; CASRN 7758-19-2), 
another strong oxidizing agent. The Drinking Water Criteria Document on Chlorine Dioxide, 
Chlorite, and Chlorate (U.S. EPA, 1994d) provides the relevant information concerning 
dissociation byproducts of chlorine dioxide in water. The strong oxidizing ability of chlorine 
dioxide makes it useful as a drinking water disinfectant. Other uses of chlorine dioxide include 
bleaching textiles and wood pulp for paper manufacturing, antimicrobial applications, and 
reducing loads of adsorbable organic halogenated compounds in industrial effluents. Chlorite 1s 
also used for etching printed circuit boards. The physical and chemical properties of chlorine 
dioxide and chlorite are presented in Table 1. 


Chlorine dioxide and chlorite are characterized together in this report because studies 
conducted with chlorite, the predominant degradation product of chlorine dioxide, are likely 
relevant to characterizing the toxicity of chlorine dioxide. In addition, studies conducted with 
chlorine dioxide may be relevant to characterizing the toxicity of chlorite. Chlorine dioxide is 
fairly unstable and rapidly dissociates, predominantly into chlorite and chloride, and to a lesser 
extent, chlorate. There 1s a ready interconversion among these species in water (before 
administration to animals) and in the gut (after ingestion) (U.S. EPA, 1994d). Therefore, what 
exists in water or the stomach is a mixture of these chemical species (1.e., chlorine dioxide, 
chlorite, chlorate) and possibly their reaction products with the gastrointestinal contents. 
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Table 1. Physical and chemical properties of chlorine dioxide and chlorite 


Properties Chlorine dioxide Chlorite (sodium salt) 
CAS registry number 10049-04-4 7758-19-2 

Molecular formula CIO, NaClO, 

Molecular weight 67.46 90.45 

Melting point, °C -59 decomposes at 180-200 
Boiling point, °C 11 no data 

Water solubility, g/L 3.0 at 25°C and 34 mmHg 39 at 30°C 

Specific gravity 1.642 at 0°C no data 


Source: Budavari et al., 1989. 
3. TOXICOKINETICS RELEVANT TO ASSESSMENTS 


3.1. ABSORPTION 
3.1.1. Gastrointestinal Absorption 
3.1.1.1. Chlorine Dioxide 


After ingestion, chlorine dioxide is rapidly absorbed from the gastrointestinal tract. 
Levels of radioactive chlorine in plasma peaked 1 hour after Sprague-Dawley rats were 
administered a single gavage dose of 100 mg/L CIO, (approximately 1.4 mg/kg) (Abdel- 
Rahman et al., 1979a). Peak plasma levels were achieved 2 hours after Sprague-Dawley rats 
received a gavage dose of 300 mg/L “CIO, after a 15-day exposure to 100 mg/L chlorine dioxide 
in drinking water (Abdel-Rahman et al., 1979a). Approximately 30% of the 100 mg/L single 
gavage dose was excreted in the urine after 72 hours, indicating that at least 3096 of the dose was 
absorbed (Abdel-Rahman et al., 19792); the absorption rate constant and half time were 
3.77/hour and 0.18 hours, respectively (Abdel-Rahman et al., 1982). Since total radioactivity 
was measured rather than identification of individual chemical entities, it was not clear from 
these reports whether the parent chlorine dioxide itself or the chlorite, chlorate, or chloride ion 
degradation products were absorbed. 


3.1.1.2. ۵۷ 


Chlorite is also rapidly absorbed from the gastrointestinal tract. Peak plasma levels of 
radiolabeled chlorine were reached 2 hours after administration of a single gavage dose of 10 
mg/L ?*CIO, (approximately 0.13 mg/kg) to Sprague-Dawley rats. Using 72-hour urinary 
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excretion data, it can be assumed that at least 35% of the initial dose was absorbed (Abdel- 
Rahman et al., 1984a). The absorption rate constant and half-time were 0.198/hour and 3.5 
hours, respectively (Abdel-Rahman et al., 1982). Since total radioactivity was measured rather 
than identification of individual chemical entities, it was not clear from these reports whether the 
parent chlorine dioxide itself or the chlorite, chlorate, or chloride ion degradation products were 
absorbed. 


3.1.2. Respiratory Tract Absorption 
No data were located on respiratory tract absorption of chlorine dioxide or chlorite. 
3.1.3. Dermal Absorption 


Scatina et al. (1984) reported on the dermal absorption of Alcide, an antimicrobial 
compound consisting of solutions of sodium chlorite and lactic acid, which when mixed 
immediately before use result in the formation of chlorine dioxide. 0.6 g **Cl-labeled sodium 
chlorite as part of the Alcide was used to monitor absorption following application to the shaved 
backs of 10 female Sprague-Dawley rats. Maximum absorption of **C1 into plasma was observed 
after 72 hours, where a plasma concentration of 69.4 ug% *°Cl was reached. The absorption half- 
life was calculated to be 22.1 hours, which corresponds to a rate constant of 0.0314 hr. 


3.2. DISTRIBUTION 
3.2.1. Chlorine Dioxide 


Following a single 100 mg/L gavage dose of *°C10,, the “°Cl was slowly cleared from the 
blood; the rate constant and half-time for elimination from blood were 0.0156/hour and 43.9 
hours, respectively (Abdel-Rahman et al., 1982). Elimination from blood was shortened in 
Sprague-Dawley rats exposed to chlorine dioxide in drinking water for 2 weeks prior to receiving 
the 300 mg/L gavage dose of **CIO,; the rate constant and half time were 0.022/hour and 31.0 
hours, respectively (Abdel-Rahman et al., 1979a). After removal from the blood, the radiolabel 
appeared to be widely distributed throughout the body, although the highest concentrations were 
found in the blood, stomach, and small intestines. The lung, kidney, liver, testes (assessed only 
in the 300 mg/L group), spleen, thymus, and bone marrow also had high concentrations of 
radiolabel 72 hours after dosing with 100 mg/L (single dose) or 300 mg/L (with 2-week drinking 
water exposure to 100 mg/L) (Abdel-Rahman et al., 1979a). Seventy-two hours after a single 
gavage dose of 100 mg/L ر610“‎ most of the “CI label in the plasma was in the form of chloride 
ion (CI) and chlorite; the ratio of chloride to chlorite was 4 to 1 (Abdel-Rahman et al., 1979b). 


3.2.2. Chlorite 

Removal of chlorite from the blood 1s slow; the rate constant and half-time for 
elimination of ?*C] from the blood were 0.0197/hour and 35.2 hours in Sprague-Dawley rats 
receiving a single gavage dose of 10 mg/L *°C1O, (Abdel-Rahman et al., 1982). Seventy-two 


hours after dosing, the highest concentrations of radiolabel were found in the blood, stomach, 


4 


— e 


فن تت 


COMUSAVO4E 


testes, skin, lung, kidneys, small intestine, carcass, spleen, brain, bone marrow, and liver (Abdel- 
Rahman et al., 1982, 1984a). 


3.3. METABOLISM 
3.3.1. Chlorine Dioxide 


Chloride ion is the ultimate metabolite of chlorine dioxide. Approximately 87% and 80% 
of radiolabeled chlorine in the urine (collected 0—72 hours after administration) and plasma 
(collected 72 hours after administration), respectively, are in the form of chloride ion following 
administration of a single gavage dose of 100 mg/L “CIO, in rats (Abdel-Rahman et al., 1979b). 
Chlorite was a major metabolite, accounting for approximately 11% and 21% of urine and 
plasma *°Cl, respectively; approximately 2% of the urinary *°Cl was in the form of chlorate. An 
in vivo recovery study by Bercz et al. (1982) suggests that ingested chlorine dioxide is rapidly 
reduced in the stomach to nonoxidizing species (presumably chloride). Five minutes after 
chlorine dioxide was instilled into the stomach of a monkey, only 8% of the total oxidizing 
capacity equivalents of chlorine dioxide was recovered. Bercz et al. (1982) also reported that in 
vitro chlorine dioxide was rapidly reduced to chloride ion by saliva obtained from anesthetized 
monkeys. 


3.3.2. Chlorite 


Although fewer data are available on metabolism of chlorite, it is likely that metabolism 
of chlorite is similar to that of chlorine dioxide. Approximately 85% of the Cl recovered in the 
urine of Sprague-Dawley rats 0—72 hours after administration of a single gavage of 10 mg/L 
“CIO, was in the form of chloride; the remaining 15% was present as chlorite (Abdel-Rahman et 
al., 1984a). 


3.4. ELIMINATION 
3.4.1. Chlorine Dioxide 


The radioactive chlorine label was primarily excreted in the urine of rats administered a 
single gavage dose of 100 mg/L “C10, (Abdel-Rahman et al., 1979a). During the first 24 hours 
after dosing, 18% of the label was excreted in the urine and 4.5% in the feces. Seventy-two 
hours after dosing, 31% and 10% of the label were excreted in the urine and feces, respectively; 
the label was not detected 1n expired air. The parent compound was not detected in the urine; 
most of the label was in the form of chloride, with smaller amounts as chlorite. The ratio of CI 
to CIO, was 5 to 1 during the first 24 hours and 4 to 1 during the first 72 hours (Abdel-Rahman 
et al., 1979b). 


3.4.2. Chlorite ۱ 


Urine was the primary route of excretion in rats administered a single gavage dose of 10 
mg/L *CIO,. Twenty-four hours after dosing, 14% of the label was excreted in the urine and 
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0.9% in the feces; 35% and 5% of the label were excreted in the urine and feces, respectively, 72 
hours after dosing (Abdel-Rahman et al., 1984a). Approximately 90% of the excreted label was 
in the form of chloride. 


4. HAZARD IDENTIFICATION 


4,1. STUDIES IN HUMANS—EPIDEMIOLOGY, CASE REPORTS, CLINICAL 
CONTROLS 


4.1.1. Oral Exposure 
4.1.1.1. Chlorine Dioxide 


The short-term toxicity of chlorine dioxide was assessed in two human studies conducted 
by Lubbers and associates (Lubbers et al., 1981, 1982, 1984a; Bianchine et al., 1981). In the first 
study (Lubbers et al., 1981; also published as Lubbers et al., 1982), a group of 10 healthy male 
adults drank 1,000 mL (divided into two 500 mL portions, separated by 4 hours) of a 0 or 24 
mg/L chlorine dioxide solution (0.34 mg/kg, assuming a 70 kg reference body weight). In the 
second study (Lubbers et al., 1984a), groups of 10 adult males were given 500 mL distilled water 
containing 0 or 5 mg/L chlorine dioxide (0.04 mg/kg-day assuming a reference body weight of 70 
kg) for 12 weeks. Neither study found any physiologically relevant alterations in general health 
(observations and physical examination), vital signs (blood pressure, pulse rate, respiration rate, 
and body temperature), serum clinical chemistry parameters (including glucose, urea nitrogen, 
phosphorus, alkaline phosphatase, and aspartate and alanine aminotransferases), serum 
triiodothyronine (T3) and thyroxine (T4) levels, or hematologic parameters. 


4.1.1.2. Chlorite 


Lubbers et al. (1981, 1982, 1984a) also examined the toxicity of chlorite in normal 
healthy adults in studies that were run concurrently with the chlorine dioxide studies. In the 
single exposure study (Lubbers et al., 1981, 1982), 10 male adults consumed two 500 mL 
(separated by 4 hours) solutions containing 2.4 mg/L chlorite (0.034 mg/kg assuming a reference 
body weight of 70 kg). In a 12-week study (Lubbers et al., 1984a), groups of 10 men drank 500 
mL solutions of 0 or 5 mg/L chlorite (0.04 mg/kg-day assuming a 70 kg body weight). No 
physiologically relevant alterations in general health (observations and physical examination), 
vital signs, hematologic (including erythrocyte and total and differential leukocyte counts, 
hemoglobin, hematocrit, and methemoglobin) or serum clinical chemistry (including glucose, 
electrolytes, calcium, urea nitrogen, enzyme levels, and cholesterol) parameters, or serum T3 or 
T4 levels were found in either study. 


In a companion study, three healthy glucose-6-phosphate dehydrogenase deficient male 


subjects were given deionized water containing 5 mg/L chlorite (0.04 mg/kg-day assuming a 
reference body weight of 70 kg) for 12 weeks (Lubbers et al., 1984b). Compared with the 
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control group in Lubbers et al. (1984a), the chlorite exposure did not alter general health, vital 
signs, hematologic parameters (including erythrocyte and total and differential leukocyte counts, 
hemoglobin, hematocrit, and methemoglobin) or serum clinical chemistry (including glucose, 
electrolytes, calcium, urea nitrogen, enzyme levels, and cholesterol) parameters. 


4.1.1.3. Chlorine Dioxide—Disinfected Water 


Michael et al. (1981), Tuthill et al. (1982), and Kanitz et al. (1996) have examined 
communities with chlorine dioxide disinfected water. The focus of the Tuthill et al. (1982) and 
Kanitz et al. (1996) studies was developmental toxicity. Michael et al. (1981) measured 
hematologic (erythrocyte, leukocyte, and reticulocyte counts, hemoglobin and methemoglobin 
levels, hematocrit, mean corpuscular volume, and osmotic fragility) and serum chemistry (blood 
urea nitrogen and total bilirubin levels) parameters in 198 individuals 1 week before the 
community initiated the chlorine dioxide water treatment program and 10 weeks after initiation. 
Blood samples were collected at the same times from a control group of 118 individuals not 
exposed to chlorine dioxide-treated drinking water. The water treatment facility operated only 8 
hours/day; water was drawn from storage tanks for the rest of the day. Chlorine dioxide rapidly 
disappeared from the stored water (within 2-4 hours), and chlorite levels concomitantly 
increased. Weekly average concentrations (presumably measured during plant operation hours) 
of chlorine dioxide ranged from 0.25 to 1.11 ppm, and chlorite concentrations ranged from 3.19 
to 6.96 ppm (daily mean chlorite concentration was 5.21 ppm). Using measured water 
consumption rates (1.98 L/day), the study authors estimated that daily chlorite intakes ranged 
from 0 to 39.4 mg/day )0-0.56 mg/kg-day assuming a 70 kg reference body weight); the mean 
intake was 10.3 mg/day (0.15 mg/kg-day). The difference between pre- and posttreatment blood 
urea nitrogen levels was lower in the community with chlorine dioxide-disinfected water than in 
the control community. However, the study authors noted that this difference was probably 
because mild dehydration had occurred in the control community, the postinitiation sample was 
taken during extremely hot weather, and more individuals in the control group had active, 
outdoor jobs. No other hematologic or serum chemistry alterations were found. 


Tuthill et al. (1982) retrospectively compared infant morbidity and mortality data for a 
community that had utilized "high" levels of chlorine dioxide as a drinking water disinfectant in 
the 1940s with data of a neighboring community using conventional drinking water chlorination 
practices. The authors reported average monthly levels of 0.32 ppm of sodium chlorite added 
post-treatment, but they did not report chlorine dioxide levels in the treated water. Exposure to 
chlorine dioxide—treated water did not adversely affect fetal, neonatal, postneonatal, or infant 
mortality, nor did it affect birthweight, sex ratio, or birth condition. Incidence of newborns 
judged premature by physician assessment was significantly higher in the community with 
chlorine dioxide-treated water. In reviewing this study, EPA (1994d) concluded there was no 
increase in the proportion of premature infants when the age of the mother was controlled and 
that there was a greater postnatal weight loss in infants from the exposed community. 


Kanitz et al. (1996) followed 548 births at Galliera Hospital, Genoa, and 128 births at 
Chiavari Hospital, Chiavari, Italy, during 1988-1989. Data on infant birthweight, body length, 
cranial circumference, and neonatal jaundice and on maternal age, smoking, alcohol 
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consumption, education, and preterm delivery were collected from hospital records. Women in 
Genoa were exposed to filtered water disinfected with chlorine dioxide, sodium hypochlorite, or 
both; trihalomethane levels varied from 8 to 16 ppb in sodium hypochlorite-treated water and 1 
to 3 ppb in chlorine dioxide-disinfected water. Levels of chlorine dioxide in the water 
immediately after treatment were less than 0.3 mg/L, while chlorine residue was less than 0.4 
mg/L. Women residing in Chiavari used water pumped from wells, without any disinfection 
treatment, and served as the comparison group (controls). Odds ratios were determined for the 
somatic parameters by comparison of groups exposed to chlorine dioxide, sodium hypochlorite, 
or both with controls and adjusted for maternal education level, income, age, and smoking and 
for sex of the child. Neonatal jaundice occurred more frequently (odds ratio [OR] = 1.7; 95% 
confidence interval [CI] = 1.1-3.1) in infants whose mothers resided in the area where surface 
water was disinfected with chlorine dioxide, when compared with infants with mothers using 
nondisinfected well water. Infants born to mothers residing in areas where surface water was 
disinfected had smaller cranial circumference (# 35 cm) (OR = 2.2, 95% CI = 1.4-3.9 for 
chlorine dioxide; OR = 3.5, 95% CT - 2.1-8.5 for sodium hypochlorite vs. untreated well water; 
OR = 2.4, 95% CT 2 1.6—5.3 for both vs. untreated well water). In addition, these infants had a 
smaller body length (# 49.5 cm) (OR = 2.0, 95% CI = 1.2-3.3 for chlorine dioxide vs. untreated 
well water; OR = 2.3, 95% CI 2 1.3-4.2 for sodium hypochlorite vs. untreated well water). Risks 
for low-birthweight infants )# 2,500 g) were reported to be increased in mothers residing in areas 
using water disinfected with chlorite and chlorine dioxide, but these associations were not 
statistically significant. For preterm delivery (# 37 weeks), small but not statistically significant 
increased risks were found among mothers residing in the area using chlorine dioxide. The study 
authors concluded that infants of women who consumed drinking water treated with chlorine 
compounds during pregnancy were at higher risk for neonatal jaundice, cranial circumference + 
35 cm, and body length # 49.5 cm. 


Interpretability of the results of Kanitz et al. (1996) 1s limited by lack of consideration of 
exposure and potential confounding variables such as quantity of water consumed during 
pregnancy, lack of quantitative exposure information, exposure to other chemicals in the water, 
and nutritional and smoking habits and age distribution of the women. In addition, baseline 
values for the infant sex ratio and percentage of low-weight births for the comparison group 
deviate from values presented by the World Health Organization for Italy. For example, the sex 
ratio (male/female live births * 100) used in the study for the comparison group was 86, but most 
recent data (for 1996, as cited in WHO, 2000) for Italy indicate a sex ratio value of 113. 
Although the percentage of low-weight births in the control group for the Kanitz et al. (1996) 
study was 0.8%, the percentage of low-weight births (< 2,500 رع‎ in Italy for 1994 1s 6%. The 
quality of the untreated well water is not known (1.e., whether it contained any chemical or 
biological contaminants). The atypical baseline data raise concerns about the control population 
selected for this study and render any comparison to them by the exposed group difficult to 
interpret, thereby precluding the ability to draw conclusions (Selevan, 1997). 
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4.1.2. Inhalation Exposure 
4.1.2.1. Chlorine Dioxide 


Several case reports of accidental inhalation exposure to chlorine dioxide have been 
reported in the literature. Elkins (1959) described the case of a bleach tank worker who died 
after being exposed to 19 ppm chlorine dioxide (52 mg/m?) for an unspecified amount of time; 
another worker exposed at the same time survived. Elkins also stated that 5 ppm (14 mg/m?) was 
definitely irritating to humans. In a case reported by Exner-Freisfeld et al. (1986), a woman 
experienced coughing, pharyngeal irritation, and headache after inhaling an unknown amount of 
chlorine dioxide inadvertently generated while bleaching flowers. Seven hours after exposure, 
the woman was hospitalized with cough, dyspnea, tachypnea, tachycardia, rales on auscultation, 
and marked leukocytosis; a decrease in lung function (reduced vital capacity and 1-second forced 
expiratory volume) was also reported. Most of these symptoms were alleviated with 
corticosteroid treatment. 


Meggs et al. (1996) examined 13 individuals (1 man and 12 women) 5 years after they 
were occupationally exposed to chlorine dioxide from a leak in a water purification system pipe. 
The long-term effects of the accident included development of sensitivity to respiratory irritants 
(13 subjects), disability with loss of employment (11 subjects), and chronic fatigue (11 subjects). 
Nasal abnormalities (including injection, telangectasia, paleness, cobblestoning, edema, and thick 
mucus) were found in all 13 individuals. Nasal biopsies taken from the subjects revealed chronic 
inflammation with lymphocytes and plasma cells present within the lamina propria in 11 of the 
13 subjects; the inflammation was graded as mild in 2 subjects, moderate in 8 subjects, and 
severe in 1 subject. Nasal biopsies from three control subjects showed chronic inflammation in 
one subject. The average inflammation grading was statistically higher in the subjects compared 
with the controls. The number of nerve fibers in the biopsies was higher in the subjects (rare 
fibers 1n three subjects, moderate fibers in two subjects, and many fibers in three subjects) than 
controls, but the difference was not statistically significant. 


Gloemme and Lundgren (1957), Ferris et al. (1967), and Kennedy et al. (1991) examined 
workers occasionally exposed to high concentrations of chlorine dioxide that resulted from 
equipment failure. Concurrent exposure to chlorine gas and, in some cases, sulfur dioxide 
confounds interpretation of the results of these studies. Gloemme and Lundgren (1957) 
examined the respiratory health of 12 workers employed at a sulfite-cellulose production facility. 
Under normal working conditions, the atmospheric chlorine content was less than 0.1 ppm. 
(chlorine dioxide levels were not measured); however, occasional equipment leakages would 
result 1n high levels of chlorine dioxide, chlorine, and/or sulfur dioxide. The workers reported 
respiratory discomfort (breathlessness, wheezing, irritant cough) and ocular discomfort 
(conjunctivitis and “halo phenomena") connected with these leakage exposures. À slight, 
nonspecific chronic bronchitis was diagnosed in 7 of the 12 men. An earlier-observed bronchitis 
disappeared in one case, suggesting to the study authors that improved working conditions might 
entail reversal of this disorder. 
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In the Ferris et al. (1967) study, no significant alterations 1n pulmonary function (forced 
vital capacity, maximum expiratory flow, forced expiratory flow, and forced expiratory volume) 
were observed in 147 men employed (length of employment not reported) at a pulp mill, 
compared with 124 men employed at a paper mill. The pulp mill workers were exposed to sulfur 
dioxide or chlorine dioxide and chlorine; the chlorine dioxide concentrations ranged from trace 
amounts to 2 ppm (average concentrations ranged from trace amounts to 0.25 ppm), and chlorine 
concentrations ranged from trace amounts to 64 ppm (average concentrations ranged from trace 
amounts to 7.4 ppm). When the pulp mill workers were divided into workers exposed to sulfur 
dioxide and those exposed to chlorine or chlorine dioxide, significantly higher incidences of 
shortness of breath and excess phlegm were found in the chlorine/chlorine dioxide workers. 


In the Kennedy et al. (1991) study of 321 pulp mill workers exposed to chlorine and 
chlorine dioxide, significant increases in the incidence of wheezing, wheezing accompanied by 
breathlessness, and work-related wheezing were observed, compared with 237 workers at a rail 
maintenance yard. Personal time-weighed average (TWA) exposure concentration for chlorine at 
the pulp mill ranged from 5 to 14 ppm, whereas TWA for chlorine dioxide was below 0.1 ppm. 
However, 60% of the pulp mill workers reported one or more chlorine or chlorine dioxide 
“gassing” incidents. No significant differences in tests of pulmonary function were observed 
between the two groups. The pulp mill workers were divided into two groups based on self- 
reported accidental exposures to high levels of chlorine/chlorine dioxide gas (“gassing”). In the 
workers reporting one or more incidents of gassing, the prevalence of wheezing and missed work 
because of chest illness was higher than in the pulp mill workers not reporting gassing incidents. 
Additionally, the incidence of airflow obstruction (as measured by a decrease in midmaximal 
flow rate and the ratio of 1-second forced expiratory volume to forced vital capacity) was higher 
in nonsmokers and former smokers reporting gassing incidents compared with smokers also 
reporting gassing incidents. 


4.1.2.2. Chlorite 
No human inhalation exposure data for chlorite were located. 


4.3.  PRECHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN 
ANIMALS—ORAL AND INHALATION 


4.2.1. Oral Exposure 
4.2.1.1. Chlorine Dioxide 


Although the subchronic/chronic toxicity of chlorine dioxide has been investigated in a 
number of studies, only Daniel et al. (1990) and Haag (1949) examined a wide range of 
endpoints. The other studies (Bercz et al., 1982; Abdel-Rahman et al., 19845: Couri and Abdel- 
Rahman, 1980; Moore and Calabrese, 1982) focused on the hematologic system. To date, no 
studies have examined the carcinogenic potential of chlorine dioxide. 
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Daniel et al. (1990) exposed groups of 10 male and 10 female Sprague-Dawley rats to 
chlorine dioxide in drinking water for 90 days at concentrations of 0, 25, 50, 100, or 200 mg/L. 
These concentrations correspond to administered doses of 0, 2, 4, 6, or 12 mg/kg-day chlorine 
dioxide for males and 0, 2, 5, 8, or 15 mg/kg-day chlorine dioxide for females (calculated by the 
study authors using water consumption and body weight data). No exposure-related deaths were 
reported. Exposure to 200 mg/L resulted in significant reductions in terminal body weights and 
body weight gain (26%-—29% lower than controls). Significant reductions in water consumption 
were observed in the males exposed to $ 50 mg/L and in females exposed to $ 25 mg/L; 
decreases in food consumption were also observed in the 200 mg/L males. Absolute liver 
weights were decreased in males at $ 50 mg/L, and absolute spleen weights were decreased in 
females at $ 25 mg/L. No consistent alterations in hematologic parameters (erythrocyte and total 
and differential leukocyte counts, hemoglobin levels, hematocrit, and mean corpuscular volume 
measured) were observed. Serum lactate dehydrogenase and aspartate aminotransterase levels 
were decreased and serum creatinine levels were increased in the males exposed to 100 or 200 
mg/L; no other alterations in serum chemistry parameters were consistently found. A significant 
increase in incidence of nasal lesions (goblet cell hyperplasia and inflammation of nasal 
turbinates) was found in males exposed to $ 25 mg/L and in females at $100 mg/L. The study 
authors postulated that these lesions were likely caused by inhalation of chlorine dioxide vapors 
at the drinking water sipper tube or from off-gassing of the vapors after drinking rather than 
ingestion of the drinking water. Thus, 25 mg/L (2 mg/kg-day) can be described as a lowest- 
observed-adverse-effect level (LOAEL), but the toxicological significance of the nasal lesions is 
not known. Respiratory tract pathologies have not been reported 1n other oral studies and the 
effect may possibly be an artifact of treatment. 


In a chronic toxicity study by Haag (1949), groups of seven male and seven female rats 
were exposed to 0, 0.5, 1, 5, 10, or 100 mg/L chlorine dioxide in drinking water (0.07, 0.13, 0.7, 
1.3, or 13 mg/kg-day as calculated by U.S, EPA, 1994d) for 2 years. Survival in the 100 mg/L 
group was significantly decreased. No chlorine dioxide-related alterations were observed in the 
histopathologic examination of representative animals (2-6/sex) from each group. Thus, a no- 
observed-adverse-effect level (NOAEL) of 10 mg/L (1.3 mg/kg-day) and a frank effect level 
(FEL) (based on decreased survival) of 100 mg/L (13 mg/kg-day) can be 1dentified from this 
study. 


The Bercz et al. (1982) study used a rising-dose design in which each animal served as its 
own control. Five male and seven female adult African green monkeys (Cercopithecus aethiops) 
were exposed to 0, 30, 100, and 200 mg/L chlorine dioxide for 4—6 weeks. The study authors 
estimated chlorine dioxide administered doses to be 3.5 and 9.5 mg/kg-day in the 30 and 100 
mg/L groups, respectively. Exposure to 200 mg/L resulted in erythema and ulceration of the oral 
mucosa, mucous nasal discharge, and avoidance of drinking water; exposure to 200 mg/L was 
terminated after 1 week because some of the animals showed signs of dehydration. No 
significant alterations in hematologic clinical chemistry (erythrocyte, total and differential 
Jeukocyte, and reticulocyte counts, hemoglobin levels, hematocrit, osmotic fragility, and 
methemoglobin levels) or serum clinical chemistry (creatinine, blood urea nitrogen [BUN], 
alkaline phosphatase, lactate dehydrogenase, and alanine and aspartate aminotransferase) 
parameters or body weight gain were observed. Serum T4 levels were significantly decreased in 
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the 100 mg/L chlorine dioxide-exposed monkeys after 6 weeks of exposure. Thus, this study 
identifies a NOAEL of 30 mg/L (3.5 mg/kg-day) and a LOAEL of 100 mg/L (9.5 mg/kg-day) for 
alterations in thyroid hormone levels in monkeys exposed to chlorine dioxide in the drinking 
water for 4—6 weeks. 


Abdel-Rahman et al. (1984b) exposed groups of four male Sprague-Dawley rats to 0, 1, 
10, 100, or 1,000 mg/L chlorine dioxide in the drinking water 20 hours/day for 11 months (doses 
of 0.10, 1, 10, and 100 mg/kg-day are estimated using a reference body weight of 0.523 kg and 
reference water intake of 0.062 L/day and adjusting for intermittent exposure). Significant 
reductions in body weight gain were observed in the 1,000 mg/L group at 2, 5, 7, 10, and 11 
months and 18 all groups during months 10 and 11. A number of statistically significant 
hematologic alterations were observed; however, the magnitude of the alterations does not appear 
to be dose related. Osmotic fragility was decreased in the 100 and 1,000 mg/L groups after 2, 4, 
7, or 9 months of exposure and in the 10 mg/L group only after 9 months of exposure. 
Erythrocyte counts were decreased in the 1 and 1,000 mg/L groups after 9 months of exposure, 
but not after 7 months. Reduced hematocrit and hemoglobin levels were observed in all groups 
at 9 months; hematocrit levels were significantly increased the 100 and 1,000 mg/L groups at 7 
months. Mean corpuscular hemoglobin concentrations were increased in the 100 and 1,000 mg/L 
groups after 9 months. Blood glutathione levels were significantly reduced in the 1, 10, and 
1,000 mg/L groups at 2 months; the 1 and 10 mg/L groups after 4 months; the 1 mg/L group after 
7 months; and the 100 mg/L group after 9 months. DNA synthesis (assessed using *H-thymidine 
incorporation) was significantly reduced in the kidneys of rats exposed to 100 mg/L, decreased in 
the testes of rats 1n the 10 and 100 mg/L groups, and increased in the intestinal mucosa of rats 
exposed to 10 or 100 mg/L chlorine dioxide; thymidine incorporation was not significantly 
altered in the liver. The lack of a consistent relationship between dose and hematologic 
alterations and the small number of animals (four males/group) confound interpretation of the 
study. 


Couri and Abdel-Rahman (1980) found significant increases in blood glutathione 
reductase levels in Sprague-Dawley rats (four males/group) exposed to 10, 100, or 1,000 mg/L 
chlorine dioxide in drinking water 20 hours/day, 7 days/week for up to 1 year (0, 0.1, 1, 10, or 
100 mg/kg-day using reference body weights and drinking water intakes of 0.523 kg and 0.062 
L/day, respectively, and adjusting for intermittent exposure). After 12 months of exposure, the 
erythrocyte glutathione reductase levels in rats exposed to 1, 10, 100, or 1,000 mg/L were similar 
to those of controls, but the levels of erythrocyte glutathione peroxidase were significantly 
increased at 100 and 1,000 mg/L. Erythrocyte glutathione concentrations were significantly 
decreased at 1, 10, and 100 mg/L after 6 months and at 1,000 mg/L after 12 months of exposure. 
Erythrocyte catalase levels were increased in the 1,000 mg/L group after 6 and 12 months of 
exposure and decreased in the 1 and 10 mg/L groups after 6 months of exposure. 


In similarly exposed Swiss Webster mice (six males/group) (estimated doses of 0.18, 1.8, 
18, and 180 mg/kg-day [as calculated by U.S. EPA, 1994d] for 1, 10, 100, and 1,000 mg/L 
chlorine dioxide, respectively, drinking water concentrations), glutathione peroxidase levels were 
decreased at 100 mg/L and increased at 1,000 mg/L after 12 months of exposure, and glutathione 
levels were decreased at 10 and 100 mg/L after 12 months (Couri and Abdel-Rahman, 1980). 
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Catalase levels were increased in the 10, 100, and 1,000 mg/L groups after 12 months of 
exposure. As with the Abdel-Rahman et al. (1984b) study, the inconsistent relationship between 
the dose and the magnitude of the alterations in the glutathione-dependent system makes 
interpretation of the results of this study difficult; additionally, it is not clear if these effects are 
biologically significant, precluding determination of a NOAEL and LOAEL for these studies. 


Moore and Calabrese (1982) exposed groups of 10 A/J or C57L/J mice (sex not specified) 
to 0 or 100 ppm chlorine dioxide in drinking water for 30 days (0 or 19 mg/kg-day using a 
reference body weight of 0.0316 kg and water intake of 0.0078 L/day). No significant alterations 
in hematologic parameters (complete blood count, reticulocyte count, glucose-6-phosphate 
activity, and osmotic fragility) were observed in either mouse strain. 


4.2.1.2. Chlorite 


The database for chlorite subchronic/chronic systemic toxicity consists of the Harrington 
et al. (19952) subchronic study, the Haag (1949) chronic study, and the Bercz et al. (1982), 
Abdel-Rahman et al. (1984b), Couri and Abdel-Rahman (1980), and Moore and Calabrese 
(1982) studies, which examined a limited number of endpoints. Kurokawa et al. (1986) is the 
only study that examined the carcinogenic potential of ingested chlorite. 


Harrington et al. (1995a) administered doses of 0, 10, 25, or 80 mg/kg-day sodium 
chlorite (equivalent to 0, 7.4, 19, or 60 mg chlorite/kg-day, respectively) via gavage to Crl:CD 
(SD) BR rats (15/sex/group) for 13 weeks. In the 60 mg/kg-day group, four animals died during 
treatment and both sexes exhibited salivation, significantly decreased erythrocyte counts, and 
decreased total serum protein levels. The males receiving 60 mg/kg-day exhibited significantly 
decreased hematocrit and hemoglobin levels and increased methemoglobin and neutrophil levels, 
whereas in the females, methemoglobin levels were significantly decreased. Possible reasons for 
the decrease in methemoglobin in females, which 1s unexpected considering the known oxidative 
effects of sodium chlorite, were not discussed by the study authors. The following observations 
were also noted in the 60 mg/kg-day group: morphological changes 1n erythrocytes in some 
animals of both sexes, significant increases in relative adrenal and spleen weights in the males, 
increases in absolute and relative spleen and adrenal weight in females, and increases in relative 
liver and kidney weights in the females. Body weight and food consumption were not affected 
by treatment. Histopathologic alterations in the 60 mg/kg-day group included squamous 
epithelial hyperplasia, hyperkeratosis, ulceration, chronic inflammation, and edema in the 
stomachs of seven males and eight females. At 19 mg/kg-day, the following alterations were 
reported: occasional salivation in two males, hematologic alterations in males (increased 
methemoglobin levels and neutrophil count, decreased lymphocyte count), increases in absolute 
and relative spleen and adrenal weights 1n females, and histologic alterations 1n the stomach of 
two males, similar to those seen in the high-dose group. The increase in absolute splenic weight 
was attributed to morphological alterations in erythrocytes, but no explanation was provided for 
alterations in absolute adrenal weight. The NOAEL in this study is determined to be 7.4 mg/kg- 
day, and the LOAEL is 19 mg/kg-day for stomach lesions and increases in spleen and adrenal 
weights in rats subchronically treated with sodium chlorite. 
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In a chronic study by Haag (1949), groups of rats (seven/sex/group) were exposed to 0, 1, 
2, 4, 8, 100, or 1,000 mg/L chlorite in the drinking water (0, 0.09, 0.18, 0.35, 0.7, 9.3, or 81 
mg/kg-day, as calculated by U.S. EPA, 1994d) for 2 years. Animals exposed to chlorite 
concentrations of 100 or 1,000 mg/L exhibited treatment-related renal pathology, characterized 
by distention of the glomerular capsule and appearance of a pale pinkish staining material in the 
renal tubules. These effects were also observed in a group of animals administered sodium 
chloride at a concentration equimolar to 1,000 mg sodium chlorite/L. The study author 
concluded that the renal pathology was a nonspecific salt effect, but this observation does not 
alter the observation that concentrations of 100 mg/L or higher led to adverse effects. Based on 
renal effects, this study identifies a NOAEL of 8 mg/L (0.7 mg/kg-day) and a LOAEL of 100 
mg/L (9.3 mg/kg-day). The study was limited because an insufficient number of animals were 
tested per group, pathology was conducted on a small number of animals, and it did not provide 
adequate evaluations of more sensitive parameters, which would have been more useful in the 
overall assessment of chronic toxicity. 


Two similarly designed studies, by Abdel-Rahman et al. (1984b) and Couri and Abdel- 
Rahman (1980), tested the hematotoxicity of chlorite in rats. Groups of four male Sprague- 
Dawley rats were exposed to 0, 10, or 100 mg/L chlorite in drinking water 20 hours/day, 7 
days/week for up to 1 year (0, 1, or 10 mg/kg-day using a reference body weight of 0.523 kg and 
water intake rate of 0.062 L/day) and adjusting for intermittent exposure. At all measuring 
periods (after 2, 5, 7, 10, and 11 months of exposure), there were significant decreases in body 
weight gain in the 100 mg/L group; body weight gain also was decreased in the 10 mg/L group at 
10 and 11 months. The study authors do not note whether water consumption was affected. No 
consistent alterations in erythrocyte count, hematocrit, or hemoglobin levels were observed. 
Mean corpuscular hemoglobin concentration was increased at both exposure levels after 7 
months of exposure, but not after 9 months. Osmotic fragility was significantly decreased at 10 
and 100 mg/L after 7 and 9 months of exposure. DNA synthesis (as measured by ^H-thymidine 
incorporation) was decreased in the liver and testes at 10 and 100 mg/L, decreased in the 
intestinal mucosa at 100 mg/L, and increased in the intestinal mucosa at 10 mg/L. Blood 
glutathione reductase activity was significantly increased at 10 and 100 mg/L after 6 months of 
exposure and decreased at 10 mg/L after 12 months. Blood glutathione peroxidase was not 
altered after 6 months of exposure, but after 12 months it was decreased in both groups. 
significant decreases in blood glutathione levels were observed in both groups. Blood catalase 
activity was decreased after 6 months of exposure in the 10 and 100 mg/L groups and increased 
in the 10 mg/L groups after 12 months. The lack of a consistent dose-effect relationship, small 
numbers of animals, and small magnitude of effects complicate interpretation of the results. 


Moore and Calabrese (1982) also examined the hematotoxicity of chlorite. In this study, 
groups of 11-23 A/J or C57L/J mice (sex not specified) were exposed to 0, 1, 10, or 100 ppm 
sodium chlorite (0, 0.75, 7.5, or 75 ppm chlorite) in drinking water for 30 days. Significant 
increases in mean corpuscular volume, osmotic fragility, and glucose-6-phosphate activity were 
observed in both strains of mice exposed to 100 ppm; no other alterations in hematologic 
parameters were observed. This study identifies a NOAEL of 10 ppm sodium chlorite (1.9 
mg/kg-day chlorite using a reference body weight of 0.0316 kg and water intake of 0.0078 L/day) 
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and a LOAEL of 100 ppm sodium chlorite (19 mg/kg-day) for hematologic effects in mice 
exposed to chlorite in drinking water for 30 days. 


Using a rising-dose study protocol, Bercz et al. (1982) examined the effects of subchronic 
exposure to sodium chlorite in drinking water on hematologic and serum clinical chemistry 
parameters. Five male and seven female adult African green monkeys (C. aethiops) were 
exposed to 0, 25, 50, 100, 200, or 400 mg/L chlorite in drinking water for 4-6 weeks; the study 
authors estimated the dose for the 400 mg/L group to be 58.4 mg/kg-day. Each animal served as 
its own control. ۸ number of statistically significant, dose-related alterations 1n hematologic and 
serum clinical chemistry parameters were observed. These included decreases in erythrocyte 
levels and cell indices, increases in aspartate aminotransferase (increases were subclinical), slight 
decreases in hemoglobin levels, and slight increases in reticulocyte count and methemoglobin 
levels. The data were not presented in a manner that would allow identification of threshold 
doses for the hematologic alterations. Other hematologic and clinical chemistry parameters and 
body weight were not affected. Serum T4 levels were significantly reduced in the 400 mg/L 
group. 


To assess the renal toxicity of sodium chlorite, Moore and Calabrese (1982) exposed 
groups of 55-60 male C57L/J mice to 0, 4, 20, or 100 ppm sodium chlorite (0, 3, 15, or 75 ppm 
chlorite) in the drinking water for 30, 90, or 190 days. No significant alterations in body weight 
gain, absolute or relative kidney weights, water consumption, or kidney histology were observed. 


In an oral carcinogenicity study conducted by Kurokawa et al. (1986) (mouse data were 
also presented in Yokose et al., 1987), groups of male and female F344 rats and B6C3Fl mice 
(50/sex/species/group) were exposed to sodium chlorite in the drinking water for 85 or 80 weeks 
(with a 5-week recovery period) (Yokose et al., 1987). The sodium chlorite concentrations were 
0, 300, or 600 ppm for rats and 0, 250, or 500 ppm for mice. Using water consumption and body 
weight data, the study authors estimated the doses to be 18 and 32 mg/kg-day in male rats and 28 
and 41 mg/kg-day in female rats. All groups of rats were infected with the Sendai virus. No 
adverse effect on survival was observed in the rats. A slight dose-related decrease in body 
weight gain was observed (body weight gain in the high-dose group was within 10% of controls). 
No chlorite-related increases in tumor incidence were observed in the rats. 


For mice, daily doses of 0, 48, and 95 mg sodium chlorite/kg-day (0, 36, and 71 mg 
chlorite/kg-day) were calculated by EPA (1994d). In the mice, there were no significant chlorite- 
related alterations in survival or body weight gain; increased mortality was observed 1n the male 
control group, which was attributed to severe fighting. Significant increases in liver and lung 
tumors were observed in the male mice. Incidence of hyperplastic nodules in the liver was 
significantly increased in the low- and high-dose groups relative to controls (3/35 [reported as 
6/35 in Yokose et al., 1987], 14/47, 11/43, in the control, low-, and high-dose groups, 
respectively) and combined incidence of liver hyperplastic nodules and hepatocellular carcinoma 
was increased in the low-dose group (7/35, 22/47, and 17/43, respectively). Incidence of lung 
adenoma (0/35, 2/47, and 5/43, respectively) and combined incidence for lung adenoma and 
adenocarcinoma (0/35, 3/47, and 7/43, respectively) were significantly increased in the high-dose 
group compared with controls. The study authors noted that incidences of liver hyperplastic 
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nodules and lung adenomas in the treated animals were within the range of historical controls in 
their laboratory and in the National Toxicology Program laboratories. The high mortality in the 
control males because of fighting may have contributed to the low tumor incidence in the 
concurrent control group, making statistical comparisons between concurrent controls and treated 
animals difficult to interpret. In the female mice, the only significant alteration in tumor 
incidence was a significantly lower incidence of malignant lymphoma/leukemia in the high-dose 
group (7/47, 5/50, 1/50, respectively). This study is considered inadequate for assessing 
carcinogenicity because of the relatively short exposure duration (80 weeks) and the high 
incidence of early mortality in the concurrent control males from excessive fighting. 


4.2.2. Inhalation Exposure 
4.2.2.1. Chlorine Dioxide 


Paulet and Desbrousses (1970) conducted four studies to investigate toxicity of inhaled 
chlorine dioxide in rats and rabbits (strains not specified): (1) 5 male and 5 female rats were 
exposed to 10 ppm chlorine dioxide (28 mg/m) 2 hours/day for 30 days; (2) 10 male rats, 0 
female rats, and 4 rabbits were exposed to 5 ppm chlorine dioxide (14 mg/m”) 2 hours/day for 30 
days; (3) 10 male and 10 female rats were exposed to 2.5 ppm chlorine dioxide (6.9 7 
hours/day for 30 days; and (4) 8 rabbits were exposed to 2.5 ppm chlorine dioxide (6.9 mg/m”) 4 
hours/day for 45 days. The weekly exposure frequency was not reported—-presumably it was 5 
days/week. Control groups with equal numbers of animals were used for each study. The 
following adverse effects were observed at 10 ppm: nasal discharge and red eyes, localized 
bronchopneumonia with desquamation of the alveolar epithelium, and significantly increased 
blood erythrocyte and leukocyte levels. Similar, but less severe, respiratory tract effects were 
observed at 5 ppm; there were no alterations in erythrocyte or leukocyte levels at this 
concentration. Lymphocytic infiltration of the alveolar spaces, alveolar vascular congestion, 
hemorrhagic alveoli, epithelial erosions, and inflammatory infiltrations of the bronchi were 
observed in the rats exposed to 2.5 ppm. The study authors noted that body weight gain was 
“slightly slowed” (data not presented) and the erythrocyte and leukocyte levels were 85% and 
116% of controls, respectively (statistical analysis not reported), in the rats exposed to 2.5 ppm. 
In rabbits exposed to 2.5 ppm chlorine dioxide, hemorrhagic alveoli and congested capillaries 
were observed in the lungs. Body weight gain was not adversely affected, and erythrocyte and 
leukocyte levels were 80% and 116% of controls (statistical analysis not reported; the study 
authors state that the cell counts “changed very little"). Another group of rats and rabbits were 
sacrificed 15 days after termination of the 2.5 ppm exposure regimens. Recovery from the 
pulmonary lesions was evident in these animals. The liver was not adversely affected in the rats 
or rabbits following exposure to 2.5, 5, or 10 ppm chlorine dioxide. This study identifies a 
LOAEL of 2.5 ppm (6.9 mg/m?) for thoracic effects (alveolar congestion and hemorrhage and 
bronchial inflammation) in rats (7 hours/day for 30 days) and pulmonary effects (alveolar 
hemorrhage and capillary congestion) in rabbits (4 hours/day for 45 days). 


In a follow-up study by Paulet and Desbrousses (1972), groups of eight Wistar rats (sex 
not reported) were exposed to 1 ppm chlorine dioxide (2.8 mg/m?) 5 hours/day, 5 days/week for 
2 months. The study authors noted that weight gain and erythrocyte and leukocyte levels were 
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not affected, but they did not present concurrent control data. Vascular congestion and 
peribronchiolar edema were observed in the lungs of chlorine dioxide-exposed rats; no 
alterations in the epithelium or parenchyma were observed. This subchronic study identifies a 
LOAEL of 1 ppm (2.8 mg/m”) for respiratory effects in rats. 


In a second series of studies conducted by Paulet and Desbrousses (1974), groups of 
10-15 rats (sex and strain not reported) were exposed to 5, 10, or 15 ppm chlorine dioxide (14, 
28, or 41 mg/m?) for 15-minute periods two or four times/day for 1 month. Control groups were 
similarly exposed to room air. At 15 ppm, 1/10 and 1/15 rats exposed two or four times/day, 
respectively, died; body weight loss was observed in both groups. Histologic alterations 
observed at this exposure level included nasal and ocular inflammation and discharge, bronchitis, 
and catarrhous lesions of the alveoli with peribronchiolar infiltrations (more pronounced in the 
four times/day group). The alveolar lesions were reversible; 15 days after exposure termination, 
the lung histology was similar to that of controls. No histologic alterations were observed in the 
liver. At 10 ppm, alveolar irritation and decreases in body weight gain were observed. No 
adverse effects on clinical signs, body weight gain, or histopathology of the lungs were observed 
at 5 ppm. Exposure to chlorine dioxide did not adversely affect hematologic parameters. This 
study identifies a NOAEL of 5 ppm (14 mg/m^) and LOAEL of 10 ppm (28 mg/m?) for lung 
damage following intermittent exposure for 15-minute periods, two or four times/day for 4 
weeks. 


Dalhamn (1957) conducted a series of inhalation studies to assess toxicity of chlorine 
dioxide in the rat (sex and strain not reported). In the first study, a group of three rats was 
exposed once a week for 3 minutes to decreasing concentrations of chlorine dioxide (3,400 ppm 
[9,500 mg/m] in week 1, 1,100 ppm [3,000 mg/m?] in week 2, and 800 ppm [2,200 mg/nY] in 
week 3); a second group of three rats served as controls. Respiratory distress and decreased body 
weight were observed in the chlorine dioxide-exposed rats. Bronchopneumonia and hyperemia 
of the renal corticomedullary junction were observed in two of three rats; the renal hyperemia 
was also observed in the control group (2/3). In the second study, exposure to 260 ppm (720 
mg/m”) chlorine dioxide for 2 hours resulted in ocular discharge, epistaxis, death (1/4 rats), 
pulmonary edema, and circulatory engorgement. In the third study, groups of five rats were 
exposed to 0 or approximately 10 ppm chlorine dioxide (28 mg/m?) 4 hours/day for 9 days in a 
13-day period. Death (3/5 rats), rhinorrhea, "embarrassed respiration," and weight loss were 
observed in the chlorine dioxide-exposed rats. Respiratory infection with acute renal and hepatic 
congestion also were observed. The fourth study involved exposure of groups of five rats to 0 or 
approximately 0.1 ppm chlorine dioxide (0.28 mg/m?) 5 hours/day for 10 weeks (frequency of 
exposure not reported). No effects on body weight gain were observed and no histologic 
alterations were observed in the lungs, kidneys, or liver. The Dalhamn studies identified a 
NOAEL of 0.1 ppm (0.28 mg/m?) in rats exposed 5 hours/day for 10 weeks and a LOAEL of 10 
ppm (28 mg/m") for respiratory tract irritation in rats exposed 4 hours/day for approximately 2 
weeks. 
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4.2.2.2. Chlorite 

No animal inhalation or intratracheal installation data were located for chlorite. 
4.3. REPRODUCTIVE/DEVELOPMENTAL STUDIES—ORAL AND INHALATION 
4.3.1. Chlorine Dioxide 


Carlton et al. (1991) administered daily gavage doses of 0, 2.5, 5, or 10 mg/kg chlorine 
dioxide in deionized water to groups of 12 male Long-Evans rats for 56 days prior to mating and 
throughout the 10-day mating period. Groups of 24 female rats received the same gavage doses 
for 14 days prior to mating, during the mating period, and throughout gestation and lactation. No 
significant alterations 1n mortality, clinical signs, fertility rates, sperm parameters, length of 
gestation, prenatal deaths, mean litter size, or mean pup weights were observed. ۸ statistically 
significant delay in the day of eye opening was observed in pups from the 10 mg/kg-day group, 
but the study authors did not consider this effect to be biologically significant because it was not 
dose related (16.70, 15.59, 16.26, and 15.95 days in the 0, 2.5, 5, and 10 mg/kg-day groups, 
respectively). No significant alterations in reproductive tract organ weights were observed in the 
F] male rats. In the F1 female rats, there were statistically significant decreases in absolute and 
relative vagina weights in the 10 mg/kg-day group, but no differences in terminal body weights 
or uterine and ovarian weights. No consistent chlorine dioxide-related alterations 1n T3 or T4 
levels were measured in the FO male and female rats and F1 male rats (hormone levels measured 
on postnatal days 17, 28, and 40). This study identities a NOAEL of 10 mg/kg-day for 
reproductive effects in rats receiving gavage doses of chlorine dioxide. 


In a developmental toxicity study by Suh et al. (1983), groups of six to eight female 
Sprague-Dawley rats were administered 0, 1, 10, or 100 mg/L chlorine dioxide in the drinking 
water (0, 0.1, 1, and 10 mg/kg-day using a reference body weight of 0.35 kg and water intake of 
0.046 L/day) for 2.5 months prior to mating with unexposed males and during gestational days 
0—20; the dams were killed on gestational day 20. خ۸‎ slight, nonsignificant decrease in maternal 
body weight gain was observed in the 10 and 100 mg/L groups. There was a statistically 
significant trend for decreasing number of implants per litter and number of live fetuses per dam. 
Total fetal weights and male fetal weights were significantly increased in the 100 mg/L group 
compared with controls; crown-rump length was not significantly affected. Incidences of skeletal 
anomalies did not significantly differ between groups. This study identifies a NOAEL of 10 
mg/L (1 mg/kg-day) and LOAEL of 100 ppm (10 mg/kg-day) for developmental effects in the 
offspring of rats exposed to chlorine dioxide in the drinking water. 


Toth et al. (1990) examined the neurodevelopmental toxicity of chlorine dioxide in the 
postnatally exposed Long-Evans hooded rats. Groups of four male and four female pups per 
litter received daily gavage doses of 0 or 14 mg/kg chlorine dioxide on postnatal days 1-20. The 
chlorine dioxide pups weighed significantly less than controls at ages 11, 21, and 35 days. No 
significant alterations in cerebellum or olfactory bulb weights were observed on postnatal days 
11, 21, or 35. Forebrain weights were significantly lower in the chlorine dioxide-exposed pups 
on postnatal days 21 and 35. This reduction in forebrain weight was accompanied by reductions 
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in protein content on postnatal days 21 and 35 and reduced DNA content on postnatal day 35. 
The ratio of protein content to forebrain weight was decreased on postnatal days 11, 21, and 35; 
the protein content to cerebellum weight was increased on postnatal day 35. The ratio of DNA 
content to brain part weight was not significantly affected in the chlorine dioxide-exposed pups. 
No alterations in counts of branches of apical dendrites of cerebral cortical layer 5 pyramidal 
cells were observed, but dendritic spine counts in the Krieg’s area 18 (a visual association region 
of the cortex) were significantly decreased. No gross lesions, loss of myelin, or changes in cells 
staining positive for Nissl substance in the forebrain, cerebellum, or brainstem were observed in 
the brains of chlorine dioxide-exposed pups. No significant alterations in T3 or T4 levels or free 
T4 index were observed on postnatal days 11, 21, and 35. This study identifies a LOAEL of 14 
mg/kg-day for altered brain development (decreased forebrain weight and protein content) in 
postnatally exposed rats. 


Mobley et al. (1990) exposed groups of 12 female Sprague-Dawley rats to 0 or 100 ppm 
chlorine dioxide in the drinking water (0 or 14 mg/kg-day using a reference body weight of 0.35 
kg and water intake of 0.046 L/day) for 10 days prior to mating with unexposed males and during 
the gestation and lactation periods (until postconception days 35—42). No significant alterations 
in litter size were observed. At birth, the litter weight of the chlorine dioxide-exposed group was 
significantly lower than that of controls. Chlorine dioxide exposure significantly decreased 
exploratory activity on postconception days 36-39, but not on days 39-41. Although serum T3 
and T4 levels were not significantly altered 1n the chlorine dioxide-exposed pups (assessed on 
postconception days 37 and 38), a significant decrease in T3 uptake was observed. Free 13 and 
T4 levels were lower in the chlorine dioxide group, but the difference was not statistically 
significant. On postconception day 42, there were no significant alterations in total T3 or T4, 
free T4, or T3 uptake. The day of eye opening was not significantly affected by chlorine dioxide 
exposure. Thus, 100 ppm (14 mg/kg-day) 1s a LOAEL for decreased litter weight and 
exploratory activity. 


In a study conducted by Orme et al. (1985) designed to assess toxicity of chlorine dioxide 
on the thyroid, groups of female Sprague-Dawley rats were exposed to 0, 2, 20, or 100 mg/L in 
the drinking water (doses of 0, 1, 3, and 14 mg/kg-day were estimated by U.S. EPA, 1994d) for 2 
weeks prior to mating and throughout gestation and lactation. In a companion study, groups of 5- 
day-old Sprague-Dawley pups (dams were not exposed) received gavage doses of 0 or 14 mg/kg- 
day chlorine dioxide on postnatal days 5-20. No significant alterations in pup weight were 
observed in the pups exposed in utero; the postnatally exposed pups weighed significantly less 
than controls on postnatal days 14—21. Age of eye opening was not affected by chlorine dioxide 
exposure. Locomotor activity was consistently decreased in the 100 mg/L group, but the 
decrease was not statistically significant. In the 14 mg/kg-day gavaged group, activity was 
significantly decreased on postnatal days 18—19; on days 15—17 and 20, activity levels were 
similar to controls. In the 100 mg/L group, there was a significant decrease in T3 and T4 levels; 
T4 levels were also significantly decreased in the 14 mg/kg-day group. In all groups, there was a 
significant correlation between T4 levels and locomotor activity. T4 levels were not significantly 
altered in the chlorine dioxide-exposed dams. This study identifies a NOAEL of 20 mg/L (3 
mg/kg-day) and a LOAEL of 100 mg/L (14 mg/kg-day) for neurobehavioral effects (decreased 
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13 and 14 levels and delayed development) in the offspring of rats exposed to chlorine dioxide 
in drinking water. 


Taylor and Pfohl (1985) exposed groups of 13-16 female Sprague-Dawley rats to 0 or 
100 ppm chlorine dioxide in drinking water (0 or 14 mg/kg-day calculated using a reference body 
weight of 0.35 kg and water intake of 0.046 L/day) for 14 days prior to breeding and throughout 
gestation and lactation. Groups of male pups from unexposed dams were administered 0 or 14 
mg/kg chlorine dioxide via gavage from postnatal days 5 to 20. No significant alterations in 
maternal or pup body weights were observed in the group receiving 100 ppm in the drinking 
water. A significant decrease in whole brain weight, primarily because of a decrease in 
cerebellar weight, was observed in the 21-day-old offspring of dams receiving 100 ppm in the 
drinking water. A decrease in cerebellar total DNA content also was observed; the difference 
was caused by a decrease in total number of cells rather than in cell density. ۸ nonsignificant 
decrease in locomotor activity (assessed at 10—20 days of age) was observed in the 100 ppm 
offspring. A significant decrease in exploratory behavior was observed in the 100 ppm offspring 
at 60 days of age. In the pups receiving gavage doses of chlorine dioxide, significant decreases 
in body weight, absolute and relative whole brain and forebrain weights, and forebrain DNA 
content and total cell number were observed in the 21-day-old pups; cerebellum and forebrain 
DNA content and total cell number were also significantly decreased in the 11-day-old pups. 
significant decreases in home cage and wheel-running activity at ages 18-19 and 10 days, 
respectively, also were observed in the pups receiving gavage doses of chlorine dioxide. Thus, 
the LOAEL for neurobehavioral effects, decreased brain weight, and cell number in the offspring 
of rats exposed to chlorine dioxide in drinking water and in rats postnatally exposed to chlorine ۔‎ 
dioxide via gavage is 14 mg/kg-day. 


4.3.2. Chlorite 


The Chemical Manufacturers Association (CMA) conducted a two-generation study to 
examine reproductive, developmental neurotoxicity, and hematologic endpoints in rats exposed 
to sodium chlorite (CMA, 1996). Thirty male and 30 female Sprague-Dawley rats of the 
OFA(SD)IOPS-Caw strain (F0) generation received drinking water containing 35, 70, or 300 
ppm sodium chlorite (concentrations of sodium chlorite in the drinking water were apparently 
adjusted to compensate for the 81.4% purity of the test material) for 10 weeks and were then 
paired (1M:1F) for mating. A similar group received purified water and served as controls. 
Males were exposed throughout mating and then were sacrificed. Exposure for the females 
continued through mating, pregnancy, and lactation until necropsy following weaning of their 
litters. Sodium chlorite concentrations were adjusted downward during lactation to offset 
increases in the volume of water consumed so that a constant intake (mg/kg-day) could be 
maintained. Twenty-five males and females from each of the first 25 litters to be weaned in a 
treatment group were chosen to produce the F1 generation. The F1 pups were continued on the 
same treatment regimen as their parents. At approximately 14 weeks of age, they were mated to 
produce the F2a generation. Because of a reduced number of litters in the 70 ppm F1-F2a 
generation, the F1 animals were remated following weaning of the F2a to produce the F2b 
generation. Pregnant Fl females were allowed to litter and rear the F2a and F2b generations 
until weaning at postnatal day 21. Based on sodium chlorite intake (in mg/kg-day) calculated by 
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the study authors from measured water consumption and body weight, and adjusting for the 
molecular weight of sodium in sodium chlorite, doses for the FO animals were 0, 3, 5.6, and 20 
and 0, 3.8, 7.5, and 28.6 mg/kg-day chlorite for males and females, respectively. For the 1 
animals, doses were 0, 2.9, 5.9, and 22.7 mg/kg-day chlorite for the males and 0, 3.8, 7.9, and 
28.6 mg/kg-day chlorite for the females. Numerous parameters were measured or calculated, 
including body weight, food and water consumption, estrus cycle in the FO and Fl rats, and 
hematology and T3 and T4 levels in the F1 rats (blood samples collected from | male and 1 
female from the first 20 F1 litters at age 25 days and another group at 13 weeks). Other 
parameters measured were gestation duration, litter size, pup sex, pup body weight, pup 
developmental landmarks, number alive/dead pups in the F1 and F2 generations, total caudal 
sperm number and percent motile, morphology by computer-assisted sperm motility analysis in 
the FO and Fl rats, and organ weight and histopathologic examination of the brain, pituitary 
gland, liver, adrenal gland, spleen, thymus, kidneys, and reproductive organs of all FO and Fl 
controls and high-dose animals. An additional group of F1 pups was chosen for 
neurohistopathology on postnatal day 11 (examination of the brain and spinal cord) or postnatal 
day 60 (sensory ganglia, dorsal and ventral nerve roots, and several peripheral nerves and 
muscles). Another group of F1 rats was examined for neurotoxicological endpoints (motor 
activity 1n a "Figure 8" Activity System and neuropathology on postnatal] day 60, auditory startle 
in the SR-Screening System, learning and memory retention in a water E-maze). ۸ functional 
observational battery (FOB) was also conducted on the pups undergoing auditory and learning 
assessments. This group was composed of 2 males and 2 females from 20 litters, and exposure 
was discontinued after weaning. Reevaluation of the auditory startle response was conducted in 
20 males and 20 females in the F2a and F2b generations. 


There were reductions in water consumption, food consumption, and body weight gain in 
both sexes in all generations at various times throughout the experiment (e.g., during premating, 
pregnancy, gestation, postweaning), primarily in the 70 and 300 ppm groups. The authors 
attributed these reductions to lack of palatability of the drinking water solution, but did not show 
data to support this contention. Significant alterations related to treatment at 300 ppm include 
reduced absolute and relative liver weight in FO females and F1 males and females, reduced pup 
survival (increase in number of pups found dead and/or killed prematurely during lactation) and 
reduced body weight at birth and throughout lactation in F1 and F2 rats, lower thymus and spleen 
weight in both generations, lowered incidence of pups exhibiting normal righting reflex and with 
eyes open on postnatal day 15, alteration in clinical condition in F2 animals chosen for 
neurotoxicity, decrease in absolute brain weight for F1 males and F2 females, delay in sexual 
development in males (preputial separation) and females (vaginal opening) in F1 and F2 rats, and 
lower red blood cell parameters in F1 rats. The reported alterations in pup sexual maturation 
measures might be due to reduced pup body weight, but a definitive conclusion cannot be drawn. 
In the 70 ppm groups, reduced absolute and relative liver weight in FO females and F1 males was 
observed. Minor, statistically significant changes in hematologic data at the 35 and 70 ppm 
concentrations (generally 195—740) in the Fl rats appear to be within normal ranges based on 
historical data and are therefore not considered clinically or biologically significant or adverse. 

In addition, a significant decrease in maximum response to an auditory startle stimulus was noted 
in the 70 and 300 ppm groups on postnatal day 24, but not on postnatal day 60. Analysis of the 
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E-maze data by EPA personnel indicated possible alterations in learning behavior in the 70 ppm 
group, but the differences from the conclusions of the report could not be resolved. 


The CMA (1996) study is adequate in that it was conducted with sufficient numbers of 
animals of both sexes and examined numerous endpoints. The study is acceptable and consistent 
with EPA testing guidelines that were in effect at the time of the study (U.S. EPA, 1991). 
However, there are several limitations to this study. Lack of pair-watered and pair-fed control 
animals confounds the results and precludes definitive conclusions as to whether the alterations 
in food and water consumption and body weight are related to water palatability or a direct toxic 
effect of the agent. Developmental landmarks (e.g., vaginal opening in F2a group) were not 
reported for all groups. Grip strength and landing foot splay were not included in the FOB. 
Discontinuation of exposure for the animals undergoing neurotoxicity testing minimizes the 
likelihood of finding a positive effect and precludes comparison of the data with those of other 
rats with continued exposure. Although the study employed an exposure regimen consistent with 
testing guidelines and should potentially detect adverse effects on the developing nervous system, 
discontinuation of exposure after weaning reduces the opportunity to detect neurological effects 
from continuous or lifetime exposures similar to those expected from lifetime drinking water 
exposure in humans. 


Interpretation of the neurobehavioral tests 1s limited. The report lacks detailed 
descriptions of experimental methods (e.g., size of the arena, length of observations) and positive 
control data (including estimates of variability) for the FOB. Positive control studies for the 
motor activity and E-maze studies used high doses of the validation chemicals, were not adequate 
to show the sensitivity of the methods, and showed only that effects of the chemicals at 
maximally toxic doses could be recognized. Variability in the startle response data was high. 
The high variability and problems in calibrating and operating the automated startle apparatus (as 
presented in the report) would tend to decrease the sensitivity of the test to detect a difference 
between control and treated groups, because differences in startle amplitude would have to be 
larger to attain statistical significance. In some cases, inappropriate statistical analyses were 
applied. For example, repeated-measures techniques were apparently not used to account for the 
fact that the rats were tested repeatedly, and it 1s not clear how nonparametric rank data were 
analyzed or why a log transformation was applied to the learning data. The NOAEL for this 
study is 35 ppm (2.9 mg/kg-day chlorite) and the LOAEL is 70 ppm (5.9 mg/kg-day chlorite) 
based on lowered auditory startle amplitude and altered liver weights in two generations. 


Groups of 12 male Long-Evans rats were exposed to 0, 1, 10, or 100 ppm sodium chlorite 
(0, 0.7, 7, and 70 ppm chlorite) in the drinking water for 56 days prior to mating and throughout a 
10-day mating period (Carlton and Smith, 1985; Carlton et al., 1985, 1987). Groups of 24 
female rats were exposed to the same sodium chlorite drinking water concentrations for 14 days 
prior to mating, during the mating period, and throughout gestation and lactation. Doses of O, 
0.075, 0.75, and 7.5 mg/kg-day were estimated by EPA (1994d). No significant alterations in 
body weight gain or water consumption were observed. There was a wide degree of variability 
among fertility rates for the different groups (67%—96%), but no dose-related alterations in 
fertility rates were observed. No significant alterations in litter survival rates, median day of eye 
opening, or median day of observed vaginal patency were observed. Additionally, no alterations 
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were observed in gross and histopathologic examination of reproductive tract tissues, 
hematologic parameters, or testis, epididymis, and caudal epididymis weights. No significant 
alterations in sperm count or percentage of sperm mobility were observed. A trend toward 
decreased sperm mean progressive movement was observed in the 100 ppm group, but the 
velocity was not significantly different from controls. The percentage of abnormal sperm in 
sodium chlorite-exposed rats did not differ from controls. No significant alterations in T3 and 
T4 hormone levels were observed in the FO males or females. T3 and T4 levels were measured 
in the F1 males and females on postnatal days 17 (males only), 21, and 40; significant decreases 
in hormone levels were consistently observed at 100 ppm at days 21 and 40. This study 
identifies a NOAEL of 10 ppm (0.75 mg/kg-day) and a LOAEL of 100 ppm (7.5 mg/kg-day) for 
altered thyroid hormone levels in the offspring of rats exposed to sodium chlorite in drinking 
water. 


Carlton and Smith (1985) and Carlton et al. (1985, 1987) conducted two follow-up 
studies to further investigate the effect of sodium chlorite on sperm parameters. In these studies, 
groups of 12 male rats received drinking water containing 0, 100, or 500 ppm sodium chlorite (0, 
70, and 370 ppm chlorite) or 0, 1, 10, or 100 ppm sodium chlorite (0, 0.7, 7, and 70 ppm chlorite) 
for 72—76 days. Water consumption was significantly decreased (28%) in the 500 ppm group; in 
other groups, water consumption was similar to that of controls. Estimated doses of 0.075, 0.75, 
7.5, and 27 mg/kg-day were calculated for the 1, 10, 100, and 500 ppm groups, respectively. No 
significant alterations 1n body weight gain were observed in the sodium chlorite-exposed rats. As 
in the first experiment, there were no significant alterations in sperm count, percentage of sperm 
mobility, or mean progressive movement. However, there was a trend toward decreased 
progressive movement in the 100 and 500 ppm groups. When the three experiments were 
combined, there was a statistically significant reduction of direct progressive movement at 100 
and 500 ppm. A significant increase 1n abnormal sperm was observed in the 100 and 500 ppm 
groups; the most common morphological abnormalities were frayed tails, open hooks, and 
amorphous sperm heads. Collectively, these studies identify a NOAEL of 10 ppm (0.75 mg/kg- 
day) and LOAEL of 100 ppm (7.5 mg/kg-day) for reproductive effects in rats exposed to sodium 
chlorite in drinking water. 


Couri et al. (1982) exposed groups of 7-13 pregnant Sprague-Dawley rats to 0%, 0.1%, 
0.5%, or 2% sodium chlorite (0%, 0.0796, 0.4%, and 1.5% chlorite) in the drinking water during 
géstational days 8-15. The litters were either delivered at term or by cesarean section on 
gestational day 22. Using the daily doses of 0, 34, 163, and 212 mg sodium chlorite/rat/day 
calculated by the study authors and an estimated body weight (midpoint of gestation day 1 body 
weights [0.280 kg] plus one-half of the body weight gain), doses of 0, 95, 590, and 820 mg/kg- 
day sodium chlorite (0, 70, 440, and 610 mg/kg-day chlorite) were calculated. Another group of 
four pregnant rats received daily gavage doses of 200 mg/kg sodium chlorite on gestational days 
8—15. Profuse vaginal and urethral bleeding and 100% mortality were observed in the rats 
receiving 200 mg/kg gavage doses. No deaths were observed in the rats receiving sodium 
chlorite via drinking water. Weight loss and decreases in food and water consumption were 
observed at the 0.5% and 2% concentrations; decreased water consumption was also observed in 
the 0.1% group. Irregular blood cells, ruptured cells, and hemolysis were observed in the 2% and 
200 mg/kg-day groups. Significant decreases in crown-rump length were observed in litters 


23 


RLY 


COMUSAVO 6 


term-delivered in the 0.1%, 0.5%, and 2% groups and in the 0.5% group cesarean-delivered on 
gestational day 22. Fetal weights were not adversely affected. An increase in the number of 
resorbed and dead fetuses was observed in litters delivered on gestational day 22 in the 0.1%, 
0.5%, and 2% groups; two litters out of five were totally resorbed in the 2% group. Postnatal 
growth and the incidences of soft tissue and skeletal malformations were not adversely affected 
by in utero exposure to sodium chlorite. This study identifies a FEL of 0.1% for resorbed and 
dead fetuses and decreases in crown-rump length in the offspring of rats exposed to 0.1% 
sodium chlorite (70 mg/kg-day chlorite) in drinking water. 


Groups of six to nine female Sprague-Dawley rats were administered O, 1, or 10 mg/L 
chlorite in the drinking water (0, 0.1, or 1 mg/kg-day calculated using a reference body weight of 
0.35 kg and water intake of 0.046 L/day) for 2.5 months prior to mating with unexposed males 
and during gestational days 0-20; the dams were killed on gestational day 20 (Suh et al., 1983). 
No significant alterations in general appearance or maternal body weight gain were observed. No 
significant alterations in number of implants (total and per dam), resorptions, or dead fetuses 
were observed. No difference in fetal body weights was observed. Crown-rump length was 
significantly higher in the 10 mg/L group compared with controls, but the difference was very 
small and is probably not biologically significant. Chlorite exposure did not significantly alter 
incidence of skeletal anomalies. This study identifies a NOAEL of 10 mg/L (1 mg/kg-day) for 
developmental toxicity 1n the offspring of rats exposed to chlorite in the drinking water. 


Mobley et al. (1990) exposed groups of 12 female Sprague-Dawley rats to 0, 20, or 40 
ppm chlorite in the drinking water (doses of 0, 3, and 6 mg/kg-day were estimated by U.S. EPA, 
1994d) for 10 days prior to mating with unexposed males and during gestation and lactation until 
postnatal days 42—53. Chlorite exposure did not adversely affect litter size or pup weight gain. 
Significant, consistent decreases in exploratory activity were observed in the 40 ppm group on 
postnatal days 36-39, but not on days 39-41. In the 20 ppm group, there were significant 
decreases in activity on days 36 and 37, but not on days 38-40. No significant alterations in 
serum T3 or T4 levels were observed in the 37—38- or 42-day-old postconception pups. 
However, the free T4 levels were significantly increased in the 40 ppm group. The day of eye 
opening in the 20 and 40 ppm groups was similar to that of controls. A review of the results of 
this study relative to the findings of the newer developmental studies in the database suggests 
that the NOAEL for neurodevelopmental behavioral effects 1n rats exposed to chlorite in drinking 
water for this study is 20 ppm (3 mg/kg-day) and the LOAEL 1s 40 ppm (6 mg/kg-day). 


Moore et al. (1980) (data also presented in Moore and Calabrese, 1982) exposed groups 
of pregnant female A/J mice to 0 or 100 ppm sodium chlorite in drinking water throughout 
gestation and lactation; 21 control and 12 exposed dams had litters. EPA (1994d) estimated that 
the 100 ppm sodium chlorite (75 ppm chlorite) concentration corresponds to a dose of 22 mg/kg- 
day. A decrease in the conception rate (number of females positive for vaginal plug/number of 
females producing litters) was observed in the chlorite group (39% vs. 56% in controls); the 
statistical significance was not reported. No statistically significant alterations in gestation 
length, litter size, number of pups dead at birth, and number of pups alive at weaning were 
observed. Pup growth was adversely affected, as shown by significant decreases in average pup 
weaning weight and birth to weaning growth rate. This study identifies a LOAEL of 100 ppm 
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(22 mg/ke-day) for developmental effects in the offspring of mice exposed to chlorite in the 
drinking water. 


Harrington et al. (1995b) treated groups of 16 female New Zealand white rabbits with 
technical-grade sodium chlorite (80.6% purity) via their drinking water at levels of O, 200, 600, 
or 1,200 ppm from gestation days 7—20, followed by terminal sacrifice at day 28. Water 
concentrations were maintained at the same levels throughout pregnancy and were not adjusted 
for changes in volume of water consumed. Based on measured water consumption, the study 
authors calculated a mean daily intake of approximately 0, 10, 26, or 40 mg/kg-day chlorite 
(corrected for purity and adjusted by the weight of the salt). Clinical condition, maternal body 
weight, and food and water consumption were measured daily. At necropsy, gravid uterine 
weights, number of corpora lutea, number of implantation sites, and live and dead fetuses were 
recorded. Live fetuses were weighed, examined for external abnormalities, sexed, and dissected, 
and a gross visceral examination was performed. Skeletal examinations were also performed. 
Abnormalities were categorized as minor or major, and the latter were thought to impair survival 
or fitness. Commonly observed variations were also recorded. The study authors did not state 
which malformations fell into each of these categories. There was no mortality, although two 
rabbits (one from each of the control and 26 mg/kg-day groups) were sacrificed in extremis 
because of a clinical condition unrelated to treatment. A significant decrease in water 
consumption during the treatment period was observed in the 26 and 40 mg/kg-day groups, and a 
decrease during treatment days 16—20 of pregnancy was observed 1n the 10 mg/kg-day group. 
The study authors attributed the decreases in consumption to lack of palatability of the drinking 
water solution, although no supporting data were presented. Food consumption was decreased in 
the 26 and 40 mg/kg-day groups during days 7-11 of pregnancy. Body weight gain of treated 
animals was decreased on days 7—19, although by day 26 these groups showed no differences 
from controls in body weight gain. 


The authors concluded there were no treatment-related effects on pregnancy incidence, 
number of implantations, number of preimplantation losses, fetal sex ratio, number of live 
fetuses, or fetal visceral or structural abnormalities. Data for specific malformations and 
variations were not shown; instead, data were presented as the number or mean percentage of 
fetuses with major or minor external and visceral or skeletal abnormalities. The number and 
mean percentage of major external and visceral and skeletal abnormalities were increased in the 
26 and 40 mg/kg-day groups (external/visceral: 6.6% and 2.9%, respectively, vs. 1.5% in 
controls; skeletal: 5.4% and 0%, respectively, vs. 0% in controls). Mean fetal weights in the 26 
and 40 mg/kg-day groups were slightly decreased (« 9% relative to controls). In the 26 and 40 
mg/kg-day groups, the incidence of minor skeletal abnormalities (13.9 and 14.2 for the 26 and 40 
mg/kg-day groups, respectively, vs. 7.7926 in controls) and skeletal variants related to incomplete 
fetal bone ossification (such as of the pubis and sternebrae) was higher than for controls. The 
authors state in their discussion that these alterations in fetal body weight and delayed 
ossification indicate embryonic growth retardation. The NOAEL for this study is 200 ppm (10 
mg/kg-day chlorite) and the LOAEL is 600 ppm (26 mg/kg-day chlorite) based on decreased fetal 
weight and delayed skeletal ossification, decreased food and water consumption in the dams, and 
decreased body weight gain in the dams. Although this study employed sufficient numbers of 
animals and administered chlorite by a route relevant to human exposure, uncertainties exist in 
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interpretation of the results because of inadequate reporting of the number and types of specific 
abnormalities and variations. There is additional uncertainty as to whether the decreases in food 
and water consumption and body weight gain in the dams are caused by unpalatability or a direct 
toxic effect of the chlorite. 


4.4. OTHER STUDIES 
4.4.1. Other Carcinogenicity Studies 
4.4.1.1. Chlorine Dioxide 


The potential for chlorine dioxide to induce proliferative epidermal hyperplasia was 
examined by Robinson et al. (1986). Groups of five dorsally shaved female SENCAR mice were 
placed in chambers filled with 0, 1, 10, 100, 300, or 1,000 ppm liquid chlorine dioxide; the 
chambers were designed to prevent the head from getting wet and to prevent inhalation of vapors. 
The animals were exposed 10 minutes/day for 4 days. A significant increase in interfollicular 
epidermal thickness was observed in the 1,000 ppm group, but not at the lower concentrations. 
Increases in total cell numbers and basal cell numbers in skin sections were observed in both the 
300 and 1,000 ppm groups. In a second study, groups of 40 mice were immersed in 0 or 1,000 
ppm chlorine dioxide for 10 minutes; animals (5/group) were killed 1, 2, 3, 4, 5, 8, 10, or 12 days 
postexposure. A significant increase in interfollicular epidermis thickness was observed at all 
time periods, with the highest values at 10 and 12 days postexposure. The authors concluded that 
even short-term dermal exposure to high concentrations of chlorine dioxide is capable of 
inducing hyperplastic responses in the mouse skin. 


Miller et al. (1986) tested the carcinogenic potential of drinking water disinfected with 
chlorine dioxide using three short-term assays. Following disinfection with chlorine dioxide, the 
water samples (containing 0.5 mg/L chlorine dioxide residue) were concentrated 2,000x or 
4,000x using a macroreticular resin process. In a mouse initiation-promotion assay, groups of 
14-34 SENCAR mice (sex not specified) were orally administered 0.5 mL of the 4000x 
concentrate in 2% emulphor 3 times/week for 2 weeks followed by topical exposure to 1.0: g 12- 
tetradecanylphorbal-13-acetate (TPA) in acetone applied to the dorsal skin 3 times/week for 20 
weeks and then sacrificed. No significant increases, compared with vehicle controls, in the 
number of skin tumors or the number of tumors per animal were observed. 


In a lung adenoma assay (Miller et al., 1986), groups of 20 male and 20 female Strain A 
mice received 0.25 mL gavage doses of 2000x or 4000x concentrates in 2% emulphor 3 
times/week for 8 weeks followed by a 16-week observation period. The number of animals with 
lung adenomas and the number of adenomas per animal were not significantly altered compared 
with vehicle controls. 


Miller et al. (1986) also examined the development of liver foci in rats in a short-term 
assay. In this study, groups of partially hepatectomized rats received a single dose of 
concentrated water (chlorine dioxide concentration not reported) in 2% emulphor followed 1 
week later by administration of 500 ppm sodium phenobarbital in drinking water for 56 days; 
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animals were sacrificed on day 70. A control group received nondisinfected water. No 
significant increases in incidence of ( -glutamyltranspeptidase foci were observed. 


4.4.1.2. Chlorite 


Kurokawa et al. (1984) also conducted dermal carcinogenicity studies. In a study to 
assess the ability of chlorite to act as a complete carcinogen, groups of 20 female SENCAR mice 
were exposed twice weekly for 51 weeks to 20 mg/mL sodium chlorite in acetone. The solution 
(0.2 mL; 100 mg/kg sodium chlorite per application) was applied to the shaved backs of the 
mice. The sodium chlorite exposure did not result in increased tumor incidence. To test the 
ability of chlorite to act as a tumor promoter, a single initiating dose of 20 : mol of 
dimethylbenzanthracene (DMBA) was applied to the skin of 20 SENCAR mice. The DMBA 
application was followed by a 51-week exposure to sodium chlorite (as described for the 
complete carcinogen study). Tumor incidence was 6/20 (30%) compared with 0/20 in mice that 
received DMBA followed by acetone treatments for 51 weeks. Squamous cell carcinomas were 
observed in 5/20 animals in the chlorite group. However, the results were not statistically 
significant. 


4.4.2. Genotoxicity Studies 
4.4.2.1. Chlorine Dioxide 


Both positive and negative results have been found in in vitro genotoxicity studies. 
Chlorine dioxide did not increase chromosome aberrations in Chinese hamster fibroblast cells 
but did increase reverse mutation in Salmonella typhimurium (with activation) (Ishidate et al., 
1984). However, water samples disinfected with chlorine dioxide did not induce reverse 
mutations in S. typhimurium with or without activation (Miller et al., 1986). In vivo 
micronucleus and bone marrow chromosomal aberration assays in Swiss CD-1 mice 
administered 0.1—0.4 mg chlorine dioxide via gavage for 5 consecutive days were negative, as 
was a sperm-head abnormality assày in B6C3F1 mice administered 0.1-0.4 mg via gavage for 5 
consecutive days (0, 3.2, 8, and 16 mg/kg-day) (Meier et al., 1985). Hayashi et al. (1988) 
reported positive results in the micronucleus assay in ddY mice following a single intraperitoneal 
injection of 3.2-25 mg/kg chlorine dioxide. 


4.4.2.2. Chlorite 


Genotoxicity of chlorite was assessed in several in vitro and in vivo assays. In in vitro 
assays, chlorite induced reverse mutations in S. typhimurium (with activation) and chromosome 
aberrations 1n Chinese hamster fibroblast cells (Ishidate et al., 1984). In general, the results of 
the in vivo assays were negative. In the micronucleus assays, negative results were found in dd Y 
mice following an oral gavage dose of 37.5-300 mg/kg chlorite single injection (Hayashi et al., 
1988) and in Swiss CD-1 mice administered 0.25—1 mg chlorite via gavage for 5 consecutive 
days (0, 8, 20, and 40 mg/kg-day) (Meier et al., 1985). Using the same dosages, Meier et al. also 
reported negative results in the bone marrow chromosomal aberration assay in Swiss CD-1 mice 
and in the sperm-head abnormahty assay in B6C3F1 mice. Positive results were found in the 
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micronucleus assay in ddY mice when the chlorite was administered via intraperitoneal injection 
(7.5—60 mg/kg) (Hayashi et al., 1988). 


4.4.3. Mechanistic Studies 


EPA (1994d) has extensively discussed the mechanism of action whereby chlorine 
dioxide and chlorite produce hematologic and systemic effects. The mechanisms are still 
incompletely understood. Oxidative damage to the erythrocyte and production of 
methemoglobin are most likely related to their properties as oxidants (U.S. EPA, 1994d). 
Chlorite 1s thought to be the intermediate species responsible in many of the hematologic effects 
of chlorine dioxide because of its more efficient production of methemoglobin, depletion of red 
blood cell (RBC) glutathione, and alteration of erythrocyte fragility. 


In a series of experiments, Bercz and co-workers (1982, 1986); and Harrington et al. 
(1986) suggested that chlorine dioxide increases binding of dietary iodide to gastrointestinal 
tissue and contents, producing a functional iodide deficiency. Bercz et al. (1982) found 
decreased levels of circulating thyroxine in monkeys drinking water containing > 9.5 mg/kg-day 
chlorine dioxide, but not 44 mg/kg-day chlorite, for 4-6 weeks. In a follow-up study, Harrington 
et al. (1986) demonstrated increases in thyroid iodide uptake and a rebound in thyroxine levels in 
monkeys 1 year after an 8-week exposure to approximately 5 mg/kg-day chlorine dioxide in 
drinking water. Unlike monkeys, rats showed dose-related declines in thyroxine levels and no 
alteration in thyroid 10dide uptake following an 8-week exposure to 10 mg/kg-day chlorine 
dioxide in drinking water. 


Whether either or both of these mechanisms are operable in inducing reproductive, 
developmental, and neurodevelopmental effects is not known. One could also speculate that 
hypothyroidism, induced by chlorine dioxide alteration of iodide uptake in the gastrointestinal 
tract, might contribute to alterations 1n maternal or neonatal behavior. Alternative, as yet 
unknown mechanisms are also plausible because few definitive mechanistic data are available. 
Additional research 1s needed to understand whether the parent chlorine dioxide and/or its 
oxychlorine degradation products induce delays and alterations in fetal/neonatal 
neurodevelopment and behavior through disturbance in maternal thyroid function or directly 
within the embryo itself. 


45. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS AND 


MODE OF ACTION (IF KNOWN)—ORAL AND INHALATION 
4.5.1. Oral Exposure 
4.5.1.1. Chlorine Dioxide 


The subchronic/chronic toxicity of chlorine dioxide has not been adequately assessed. 
The Haag (1949) chronic drinking water study reported decreases in survival in rats exposed to 
13 mg/kg-day chlorine dioxide for 2 years, but the cause of death was not reported and no effects 
were observed at lower concentrations. The small number of animals tested and the limited 
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number and lack of sensitive endpoints examined make interpretation of this study difficult. 
Daniel et al. (1990) found increases in incidence of nasal lesions in rats exposed to $ 25 mg/L 
chlorine dioxide (2 mg/kg-day) in drinking water for 90 days; no other adverse effects were 
observed. However, it is not known if the nasal lesions resulted from inhaling chlorine dioxide 
vapors at the drinking water sipper tube or from off-gassing of the vapors after drinking. No 
other studies have reported similar effects. Other subchronic/chronic studies primarily examined 
hematologic parameters. Bercz et al. (1982) found significant decreases in serum T4 levels in 
monkeys exposed to 9.5 mg/kg-day chlorine dioxide in the drinking water for 4-6 weeks. 
Adverse hematologic effects could not be discerned in Abdel-Rahman et al. (1984b) because 
there was no consistent dose-effect relationship. Additionally, Daniel et al. (1990), Bercz et al. 
(1982), and Moore and Calabrese (1982) did not find hematologic alterations in rats, monkeys, or 
mice, respectively. Abdel-Rahman et al. (1984b) and Couri and Abdel-Rahman (1980) reported 
alterations 1n the glutathione-dependent system, in particular, decreases in erythrocyte glutathione 
levels, increases in glutathione peroxidase activity, and increases in erythrocyte catalase levels. 
However, as with the hematologic effects this group found, consistent relationships between dose 
and magnitude of the alterations were lacking. 


A number of studies have consistently found developmental effects following in utero 
exposure or postnatal gavage administration of 14 mg/kg-day chlorine dioxide. The effects 
include altered brain development (decreases in forebrain and/or cerebellum DNA content, ratio 
of protein content to forebrain weight, and dendritic spine counts in a visual association area of 
the cerebral cortex) (Toth et al., 1990; Taylor and Pfohl, 1985), decreased locomotor or 
exploratory activity (Orme et al., 1985; Taylor and Pfohl, 1985), and increased T3 uptake 
(Mobley et al., 1990). Orme et al. (1985) found decreases in T3 and T4 levels in in utero and 
postnatally exposed pups; however, other studies did not find alterations in T3 and T4 levels in 
similarly exposed animals (Toth et al., 1990; Carlton et al., 1991). 


The available data indicate that the critical effect of chlorine dioxide is 
neurodevelopmental toxicity. 


4.5.1.2. Chlorite 


۸ number of studies have examined the subchronic/chronic toxicity of chlorite; however, 
only the Harrington et al. (1995a) study examined a wide range of endpoints. This study 
identified a NOAEL and LOAEL of 7.4 and 19 mg/kg-day, respectively, for stomach lesions and 
alterations in spleen and adrenal weights in rats receiving gavage doses of sodium chlorite. The 
bolus administration of sodium chlorite might have contributed to the stomach lesions; these 
effects might not have been observed if the sodium chlorite had been administered in the 
drinking water. Haag (1949) found renal effects in rats drinking 9.3 mg/kg-day chlorite (NOAEL 
of 0.7 mg/kg-day); interpretation of the results of this study is limited by the small numbers of 
animals that underwent pathological examination and the limited number of endpoints examined. 
Abdel-Rahman et al. (1984b) and Couri and Abdel-Rahman (1980) found decreases in osmotic 
fragility, blood glutathione levels, and blood catalase activity in rats exposed to 1 and 10 mg/kg- 
day chlorite in drinking water. It is unclear, however, if these effects are statistically or 
biologically significant. In contrast, Moore et al. (1980) and Moore and Calabrese (1982) found 
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increases in osmotic fragility in mice exposed to 22 mg/kg-day chlorite in drinking water. Bercz 
et al. (1982) found decreases in erythrocyte and hemoglobin levels and decreases in T4 levels in 
monkeys exposed to 58.4 mg/kg-day chlorite. 


As with chlorine dioxide, developmental toxicity appears to be the most sensitive effect 
of oral chlorite exposure. At exposure levels of 3 mg/kg-day and 6 mg/kg-day, Mobley et al. 
(1990) found significant decreases in exploratory activity in rat pups exposed to chlorite in utero. 
The changes at 3 mg/kg-day were small, whereas changes observed at 6 mg/kg-day were more 
consistent with findings from several other studies. Similarly, lowered auditory startle response 
and reduced liver weight were observed at 6 mg/kg-day, but not at 3 mg/kg-day, in rats in a two- 
generation study (CMA, 1996). At higher concentrations (19-28 mg/kg-day), decreases in 
fetal/pup body weight have been observed in mice and rabbits (Moore et al., 1980; Moore and 
Calabrese, 1982; Harrington et al., 1995b), Data from Carlton and Smith (1985) and Carlton et 
al. (1987) suggest that sperm may be a sensitive target of toxicity. Reductions in sperm 
progressive movement and increases in abnormal sperm have been observed in rats exposed to 
7.5 mg/kg-day chlorite in drinking water for 72—76 days. However, the CMA (1996) two- 
generation study did not find any alterations in reproductive performance in rats exposed to 22.7 
mg/kg-day chlorite in drinking water. 


4.5.2. Inhalation Exposure 
4.5.2.1. Chlorine Dioxide 


Several human studies have examined the toxicity of inhaled chlorine dioxide (Gloemme 
and Lundgren, 1957; Elkins, 1959; Ferris et al., 1967; Exner-Freisfeld et al., 1986; Kennedy et 
al., 1991; Meggs et al., 1996). Despite the limitations of these studies (including poor exposure 
assessment, small number of subjects, and concomitant exposure to chlorine and/or sulfur 
dioxide), they consistently demonstrate that the respiratory tract is a very sensitive target of 
toxicity. 


A series of studies by Paulet and Desbrousses (1970, 1972, 1974) and Dalhamn (1957) 
examined the acute and subchronic toxicity of chlorine dioxide in rats and rabbits. As with the 
human studies, the respiratory tract is the most sensitive target of toxicity. The effects include 
alveolar congestion and hemorrhage, bronchial inflammation, and peribronchiolar edema. A 
NOAEL for these effects has not been identified; the lowest LOAEL is 1 ppm (2.8 mg/m”) in rats 
exposed to chlorine dioxide 5 hours/day, 5 days/week for 2 months (Paulet and Desbrousses, 
1972): 


4.5.2.2. Chlorite 


No data are available on the toxicity of inhaled chlorite. 
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4.6. WEIGHT-OF-EVIDENCE EVALUATION AND CANCER 
CHARACTERIZATION—SYNTHESIS OF HUMAN, ANIMAL, AND OTHER 
SUPPORTING EVIDENCE, CONCLUSIONS ABOUT HUMAN 
CARCINOGENICITY, AND LIKELY MODE OF ACTION 


4.6.1. Chlorine Dioxide 


Under the current guidelines (U.S. EPA, 1986a), chlorine dioxide 1s classified as Group 
D, not classifiable as to human carcinogenicity because of inadequate data in humans and 
animals. Under the draft Carcinogen Assessment Guidelines (U.S. EPA, 1996a), the human 
carcinogenicity of chlorine dioxide cannot be determined because no satisfactory human or 
animal studies assessing the chronic carcinogenic potential of chlorine dioxide were located. 


No human or animal studies assessing the carcinogenic potential of chlorine dioxide were 
located. The carcinogenic potential of concentrates prepared from drinking water treated with 
chlorine dioxide was tested by Miller et al. (1986). The concentrates did not increase incidence 
of lung adenomas in Strain A mice, skin tumor frequency in mice, or incidence of gamma- 
glutamyl transpeptidase positive foci (a measure of preneoplastic changes) in rat livers. 

Robinson et al. (1986) found significant increases in skin thickness in SENCAR mice immersed 
in chlorine dioxide, suggesting that high concentrations of chlorine dioxide are capable of 
inducing hyperplastic responses in the mouse skin. 


Both positive and negative results have been found in genotoxicity studies of chlorine 
dioxide. Exposure to chlorine dioxide did not induce chromosomal aberrations in vitro, but 1t did 
increase occurrence of reverse mutations (Ishidate et al., 1984). In vivo assays did not find 
increases in micronucleus induction, chromosomal aberrations, or sperm-head abnormalities 
following oral exposure (Meier et al., 1985), but they did find increases in micronuclei induction 
after intraperitoneal injection (Hayashi et al., 1988). 


4.6.2. Chlorite 


Under the current guidelines (U.S. EPA, 1986a), chlorite is classified as Group D, not 
classifiable as to human carcinogenicity because of inadequate data 1n humans and animals. 
Under the draft Carcinogen Assessment Guidelines (U.S. EPA, 1996a), the human 
carcinogenicity of chlorite cannot be determined because of a lack of human data and limitations 
in animal studies. 


No human studies assessing the carcinogenic potential of chlorite were located. Chlorite 
was tested for potential carcinogenicity in rat and mouse drinking water studies (Kurokawa et al., 
1986; Yokose et al., 1987). These studies do not provide sufficient evidence to draw conclusions 
as to the carcinogenic potential of chlorite in humans. In the rat study (Kurokawa et al., 1986), 
exposure to sodium chlorite did not significantly increase the incidence of tumors. The short 
exposure duration (85 weeks) and high incidence of Sendai viral infection m control and exposed 
rats limit the use of this study to assess carcinogenicity. 
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In the mouse drinking water study (Kurokawa et al., 1986; Yokose et al., 1987), 
significant increases in liver and lung tumors were observed in male mice. Combined incidence 
of hepatocellular nodules and hepatocellular carcinomas was increased in the low-dose group, 
and combined incidence of lung adenomas and adenocarcinomas was elevated in the high-dose 
group relative to concurrent controls. However, these tumor incidences were within the range of 
values of historical controls in the study laboratory and in the National Toxicology Program 
laboratories (Kurokawa et al., 1986). This study 18 considered inadequate for assessing 
carcinogenicity because of the relatively short exposure duration (80 weeks) and the high 
incidence of early mortality 1n the concurrent control males from excessive fighting, making 
statistical comparisons between concurrent controls and treated animals difficult to interpret. No 
increases in tumor incidence were seen in female mice in this study. 


Chlorite has been shown to be mutagenic in in vitro assays for reverse mutations and 
chromosome aberrations (Ishidate et al., 1984) and in an in vivo assay of micronucleus induction 
in which mice received an intraperitoneal injection of sodium chlorite (Hayashi et al., 1988). In 
vivo assays for micronucleus induction, chromosome aberrations, and sperm-head abnormalities 
were negative in mice receiving gavage doses of chlorite for 5 days (Meier et al., 1985; Hayashi 
et al., 1988). 


4.7. SUSCEPTIBLE POPULATIONS 
4.7.1. Possible Childhood Susceptibility 
4.7.1.1. Chlorine Dioxide and Chlorite 

Developmental delays have been observed in animal studies following in utero and 
postnatal exposure to ingested chlorine dioxide or chlorite, suggesting that infants and children 
may be more likely than adults to experience adverse effects following exposure to these 
chemicals, although the reasons for this increased sensitivity are not fully understood. It is well 
recognized that neurological development continues after birth and that gastrointestinal uptake of 
many nutrients and chemicals is greater in the neonate than the adult. 
4.7.2. Possible Gender Differences 
4.7.1.2. Chlorine Dioxide and Chlorite 


No data are available to suggest there are gender differences in the toxicity of chlorine 
dioxide or chlorite. 
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s. DOSE-RESPONSE ASSESSMENTS 


5.1. ORAL REFERENCE DOSE (RfD) 
5.1.1. Choice of Principal Study and Critical Effect —With Rationale and Justification 


In general, human studies have not found adverse effects in individuals consuming low 
concentrations (0.04—0.15 mg/kg-day) of chlorine dioxide or chlorite in experimental studies 
(Lubbers et al., 1981, 1982, 1984a) or consuming drinking water disinfected with chlorine 
dioxide (Michael et al., 1981; Tuthill et al., 1982). An epidemiology study by Kanitz et al. 
(1996) found increases in the risk of several developmental effects (neonatal jaundice, small 
cranial circumference, and shorter body length) in a community with chlorine dioxide-disinfected 
drinking water. However, the Kanitz et al. (1996) study has numerous limitations (including 
multiple chemical exposures; lack of exposure data; lack of control for smoking, age, and 
nutritional habits; and atypical control data), making it difficult to interpret the study findings. 


In animals, the most sensitive effect following oral exposure to chlorine dioxide or 
chlorite is neurodevelopmental delay. In utero exposure to chlorine dioxide or postnatal gavage 
administration of chlorine dioxide has resulted in altered brain development (decreases 1n brain 
weight, protein content, and cell number) (Taylor and Pfohl, 1985; Toth et al., 1990) and 
decreased locomotor or exploratory activity (Orme et al., 1985; Taylor and Pfohl, 1985; Mobley 
et al., 1990). The LOAEL for these effects is 14 mg/kg-day chlorine dioxide (Orme et al., 1985; 
Taylor and Pfohl, 1985; Mobley et al., 1990; Toth et al., 1980); Orme et al. (1985) identified a 
NOAEL of 3 mg/kg-day. 


Neurobehavioral effects (lowered auditory startle amplitude, decreased brain weight, and 
decreased exploratory activity) are also the most sensitive endpoints following oral exposure to 
chlorite (Mobley et al., 1990; CMA, 1996). The LOAEL identified in the Mobley et al. (1990) 
developmental toxicity study and the CMA (1996) two-generation developmental toxicity study 
is 6 mg/ke-day chlorite; Mobley et al. (1990) also found significant decreases in exploratory 
activity at 3 mg/kg-day, but the difference between activity in this group and the controls was 
small. Thus, the NOAEL for neurobehavioral effects is 3 mg/kg-day chlorite. At higher 
concentrations (22-28 mg/kg-day chlorite), decreases in fetal/pup body weight have also been 
observed in mice and rabbits (Moore and Calabrese, 1982; Moore et al., 1980; Harrington et al., 
1993b). 


Chlorine dioxide in drinking water rapidly degrades to chlorite; in the Michael et al. 
(1981) study, chlorine dioxide rapidly disappeared from the stored water (within 2—4 hours) and 
chlorite levels concomitantly increased. Once absorbed, chlorine dioxide and chlorite are cleared 
from the blood at similar rates and are similarly distributed throughout the body (Abdel-Rahman 
et al., 1979b, 1982). Additionally, chloride is the major in vivo degradation product of both 
chlorine dioxide and chlorite. Available data suggest that chlorine dioxide and chlorite have 
similar targets of toxicity and potencies. Therefore, the toxicity information for chlorite 1s 
relevant to deriving an RfD for chlorine dioxide. 
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The CMA (1996) two-generation study was selected as the critical study for the 
development of an RfD for both chlorine dioxide and chlorite. Both in its study report (CMA 
1996) and 1n a later journal article (Gill et al., 2000), CMA reported that the study defined a 
NOAEL of 70 ppm (6 mg/kg-day chlorite) and a LOAEL of 300 ppm (28.6 mg/kg-day chlorite) 
based on hematologic toxicity. For the reasons outlined below, EPA disagrees with CMA’s 
choice of NOAEL and LOAEL values. Alterations in multiple endpoints define the LOAEL- 
NOAEL boundary in the CMA study. Effects observed included statistically significant 
decreases in pup body weight, absolute brain weight, liver weight, and lowered startle amplitude 
at the 28.6 mg/kg-day dose. Statistically significant decreases in auditory startle amplitude (Fl 
and F2 generations) and absolute and relative liver weights (FO and F1) occurred at 6 mg/kg-day. 
Although different responses were found for auditory startle (as indicated by measures of 
amplitude, latency, and habituation), this is not unexpected given that these measures examine 
different aspects of nervous system function and thus can be differently affected. Transient 
alterations in neurofunctional (or neurochemical) measures, such as in the auditory startle 
response, can occur without neuropathological changes and are considered of neurotoxic concern 
(U.S. EPA, 1998a). Some of effects observed at 6 mg/kg-day and 28.6 mg/kg-day occurred in 
both sexes and in more than one generation. These effects are considered toxicologically 
significant, which is consistent with EPA guidelines for reproductive, developmental, and 
neurotoxicity risk assessment (U.S. EPA, 1991, 1996b, 1998a). The NOAEL for this study is 3 
mg/kg-day chlorite and the LOAEL is 6 mg/kg-day chlorite based on lowered auditory startle 
amplitude and decreased liver weight. 


Although the CMA (1996) study is adequate, having been conducted with sufficient 
numbers of animals of both sexes at multiple dose levels showing a range of effects, and having 
examined numerous endpoints, there are several limitations. Lack of pair-watered and pair-fed 
control animals confounds the results and precludes making definitive conclusions as to whether 
the alterations in food and water consumption and body weight are related to water palatability or 
a direct toxic effect of the agent. Discontinuation of exposure for the animals undergoing 
neurotoxicity testing limits the likelihood of finding a positive effect, precludes comparison of 
the data with those of other rats with continued exposure, and does not reflect the expected 
lifetime exposure by humans to these chemicals in drinking water. In addition, a lack of detailed 
description of experimental methods and positive control data (including estimates of 
variability), and in some cases inappropriate statistical analysis, limits interpretation of the 
neurobehavioral tests. 


The principal study 1s supported by the developmental studies by Orme et al. (1985), 
Taylor and Pfohl (1985), Mobley et al. (1990), and Toth et al. (1990), wherein rats administered 
chlorite or chlorine dioxide at similar dosages in drinking water also showed alterations 1n 
exploratory and locomotor behavior and reduced brain weights (NOAELs of 3 mg/kg-day; 
LOAELs of 14 mg/kg-day). 


5.1.2. Methods of Analysis—Including Models (PBPK, BMD, etc.) 


The NOAEL/LOAEL approach was used to derive RfDs for chlorine dioxide and 
chlorite. The RfD was derived using the NOAEL of 3 mg/kg-day identified in the CMA (1996) 
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study. This dose was determined from the nominal water concentration based on measured water 
consumption and adjusted for the molecular weight of the salt, so that doses are expressed as the 
chlorite ion. (For example, males administered 35 ppm had intakes of sodium chlorite equivalent 
to 3.9 mg/kg-day. Adjusting for the molecular weight of sodium chlorite [MW - 90.5] relative 
to the chlorite ion [MW = 67.5] gives the NOAEL dose of 3 mg/kg-day chlorite.) 


5.1.3. RfD Derivation—Including Application of Uncertainty Factors and Modifying 
Factors | 


The RfDs for chlorine dioxide and chlorite were derived by dividing the NOAEL of 3 
mg/kg-day by an uncertainty factor of 100. This composite factor includes a factor of 10 to 
account for uncertainties associated with interspecies extrapolation and a factor of 10 for 
intrahuman variability. Because the critical effect is a developmental effect in a database that 
includes chronic studies, it 1s not necessary to use an uncertainty factor to account for use of a 
less-than-lifetime study. A default modifying factor of 1 is applied. The resultant RfD is 3 x 
10° mg/kg-day: 


RfD = 3 mg/kg-day + 100 = 3 x 10? mg/kg-day. 
5.2. INHALATION REFERENCE CONCENTRATION (RfC) 
5.2.1. Choice of Principal Study and Critical Effect —With Rationale and Justification 
5.2.1.1. Chlorine Dioxide 


Human studies examining toxicity of inhaled chlorine dioxide are limited to several case 
reports (Elkins, 1959; Exner-Freisfeld et al., 1986; Meggs et al., 1996) and occupational 
exposure studies (Gloemme and Lundgren, 1957; Ferris et al., 1967; Kennedy et al., 1991) that 
involved concurrent exposure to chlorine and possibly sulfur dioxide. Although these studies 
cannot be used to establish risk assessment values, the results of these studies consistently 
demonstrate that the respiratory tract is a very sensitive target of chlorine dioxide toxicity. 


A series of studies by Paulet and Desbrousses (1970, 1972, 1974) and Dalhamn (1957) 
examined the acute and subchronic toxicity of chlorine dioxide in rats and rabbits. The earliest 
Paulet and Desbrousses (1970) study identified a LOAEL of 2.5 ppm chlorine dioxide (6.9 
mg/m?) for thoracic effects (alveolar congestion and hemorrhage; bronchial inflammation) in rats 
exposed 7 hours/day (presumably 5 days/week) for 30 days and pulmonary effects (alveolar 
hemorrhage and capillary congestion) 1n rabbits exposed 4 hours/day (presumably 5 days/week) 
for 45 days; a NOAEL was not identified. A follow-up study by this group attempted to identify 
a threshold for respiratory effects (Paulet and Desbrousses, 1972). This study identified a 
LOAEL of 1 ppm (2.8 mg/m?) for pulmonary effects (vascular congestion and peribronchiolar 
edema) in rats exposed 5 hours/day, 5 days/week for 2 months; a NOAEL was not identified. 
The Dalhamn (1957) study identified a NOAEL of 0.1 ppm chlorine dioxide (0.28 mg/m?) for 
lung damage in rats exposed 5 hours/day (frequency of weekly exposure not reported) for 10 
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weeks; a LOAEL of 10 ppm (28 mg/m?) for respiratory tract irritation was identified in rats 
exposed 4 hours/day for 9 days in a 13-day period. 


Collectively, the results of the human and animal studies suggest that the respiratory tract 
15 the critical target. The Paulet and Desbrousses (1970, 1972) studies were selected as cocritical 
studies. The 1972 study identified the lowest LOAEL for a sensitive endpoint (respiratory tract 
effects); however, the study duration (2 months) is shorter than the typical subchronic study 
(approximately 90 days) and only one exposure concentration was tested. The 1970 study is used 
to support the identification of the critical effect and critical concentrations; this study tested 
several concentrations in two species for durations of 30 or 43 days. 


5.2.1.2. Chlorite 


An RÍC for chlorite is not recommended at this time. No human or animal studies 
examining the toxicity of inhaled chlorite were located. Although the available human and 
animal data on inhaled chlorine dioxide support the derivation of an RfC for this chemical, these 
data cannot be used to derive an RfC for chlorite. Under ambient conditions, airborne chlorite is 
likely to exist as a particulate, whereas inhalation exposure to chlorine dioxide is as a gas. Based 
on their physical and chemical properties, it is anticipated that inhaled chlorine dioxide and 
chlorite would have very different modes of exposure. Therefore, the potential hazards 
associated with exposure to these two chemicals are also very different. In the absence of data 
demonstrating parallels in pharmacokinetic behavior following inhalation exposure—as are 
available following oral exposure—derivation of an RfC for chlorite from the available data for 
chlorine dioxide is not recommended. 


5.2.2. Methods of Analysis—NOAEL/LOAEL 
5.2.2.1. Chlorine Dioxide 

The NOAEL/LOAEL approach was used to calculate the RfC for chlorine dioxide. A 
benchmark concentration (BMC) analysis could not be conducted because the report of the 
Paulet and Desbrousses (1970, 1972) studies did not include incidence data. 

The RfC was derived using the Paulet and Desbrousses (1970, 1972) studies as co-critical 
studies. From the LOAEL of 1 ppm for pulmonary effects 1n rats identified in the Paulet and 
Desbrousses (1972) study, concentration in mg/m? was calculated using a molecular weight of 
67.46 and the assumption of 25?C and 760 mmHg: 

LOAEL - 1 ppm x 67.46/24.45 - 2.8 mg/m? (Paulet and Desbrousses, 1972 - rats). 


The duration-adjusted LOAEL (LOAEL,,,) was calculated by multiplying the LOAEL by the 
daily exposure duration (5 hours/day) and the weekly exposure frequency (5 days/week): 


LOAEL,j;, = 2.8 mg/m? x 5 hours/24 hours x 5 days/7 days = 0.41 mg/m? (rat). 
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The human equivalent concentration (HEC) for the LOAEL (LOABL jac) was calculated by 
multiplying the LOAEL,,, by the regional gas dose ratio for the thoracic region of the respiratory 
tract (RGDR4,). The RGDR4 was calculated using the following equation: 


Ej 


E 





RGDR,,, = 





H 


where MV is the minute volume in rats (0.118 m*/min; 0.17 m*/day) and humans (13.8 m/min; 
20 m?/day) and SA is the surface area of the thoracic region in rats (3461.6 cm”) and humans 
(640,581 cm’). 


LOAEL pec = 0.41 mg/m? x [(0.118 m*/min / 3461.6 cm?) / (13.8 m/min / 640,581 cm”); 
LOAEL يي‎ = 0.41 mg/m? x 1.57 = 0.64 mg/m’. 


Similarly, for the Paulet and Desbrousses (1970) study, using values of 1.10 m"/min for the 
minute volume and 59,100 cm? for the surface area of the thoracic region of rabbits, the 
calculation of the LOAEL yg, is as follows: 


LOAEL = 2.5 ppm x 67.46/24.45 = 6.9 mg/m’. 

LOAEL ap, = 6.9 mg/m? x 4 hours/24 hours x 5 days/7 days = 0.82 mg/m’. 

LOAEL e = 0.82 mg/m? x [(1.10 m/min / 59,100 cm?) / (13.8 m*/min / 640,581 cm’); 
LOAEL يي‎ = 0.82 mg/m! x 0.596 = 0.49 mg/m’. 


5.2.3. RfC Derivation—Including Application of Uncertainty Factors and 
Modifying Factors 


5.2.3.1. Chlorine Dioxide 


The RfC for chlorine dioxide is derived by dividing the LOAEL ¡ge thoracic effects by an 
uncertainty factor of 3,000. This uncertainty factor comprises a factor of 10 to account for 
extrapolation of a chronic RfC from a subchronic study, 3 for interspecies extrapolation using 
dosimetric adjustments, 10 for intrahuman variability, and 10 to account for extrapolation from a 
LOAEL for mild effects and for the lack of inhalation developmental and reproductive toxicity 
studies. EPA's policy is to limit the size of the composite uncertainty factor to 3,000 in 
recognition of the lack of independence of these factors (U.S. EPA, 1994b). The LOAEL to 
NOAEL and database uncertainties are therefore coalesced into one uncertainty factor of 10. 

The composite uncertainty factor for this RfC 1s therefore 3,000. No modifying factor is used for 
this assessment. 
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REC = 0.64 mg/m? + 3,000 = 2 x 104 mg/m’. 
or 
RfC = 0.49 mg/m? = 3,000 = 2 x 10^ mg/m*. 


As can be seen, the same value for the RfC can be calculated using the LOAEL from either of the 
key studies. Note that this is the same value as was verified by the RfC workgroup in 1990, as no 
new data were available. 


5.3. CANCER ASSESSMENT 
5.3.1. Chlorine Dioxide 


The oral and inhalation databases are inadequate to assess the carcinogenicity of chlorine 
dioxide in humans or animals; thus, derivation of an oral slope factor and inhalation unit risk 
level is precluded. 


5.3.2. Chlorite 


The oral and inhalation databases are inadequate to assess the carcinogenicity of chlorite 
in humans or animals; thus, derivation of an oral slope factor and inhalation unit risk level is 
precluded. 


6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF HAZARD 
AND DOSE RESPONSE 


6.1. HUMAN HAZARD POTENTIAL 


Chlorine dioxide and chlorite are strong oxidizing agents used as drinking water 
disinfectants and to bleach textile and wood pulp for paper manufacturing. Chlorine dioxide and 
chlorite are rapidly absorbed from the gastrointestinal tract and slowly cleared from the blood. 
Chlorine dioxide and chlorite, primarily in the form of chloride, are widely distributed 
throughout the body and predominantly excreted in the urine. Chloride is the major urinary 
“metabolite” for both chlorine dioxide and chlorite. No data are available on the 
pharmacokinetics of inhaled or dermally applied chlorine dioxide or chlorite. 


In general, human ingestion studies have found no adverse effects in adults and neonates 
living in areas with chlorine dioxide-disinfected water. However, these studies are fraught with 
methodological problems, such as lack of characterization of exposure to other agents in the 
drinking water and control of potential confounding factors. These studies do little to confirm a 
possible association between exposure to chlorine dioxide and chlorite and adverse reproductive 
or developmental outcome in humans. Inhalation exposure to chlorine dioxide results 1n 
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respiratory irritation in humans. However, these studies also poorly characterize exposure, and 
the occupational exposure studies involve concomitant exposure to chlorine and/or sulfur 
dioxide. 


Animal toxicity databases for chlorine dioxide and chlorite is fairly comprehensive, 
composed of subchronic and chronic studies, reproductive and developmental studies, and 
toxicokinetic and mechanistic information. Multiple animal studies have shown similar 
alterations in neurodevelopmental endpoints, such as brain weight and behavioral measures. The 
majority of these studies have used sufficient numbers of animals and employed routes of 
exposure (gavage and drinking water) relevant to human exposure. The majority of the 
developmental studies have utilized rats and have shown a fairly consistent definition of the 
NOAEL/LOABL. 


Reproductive studies in male animals are not consistent in demonstrating alterations in 
spermatogenic indices, that is, abnormal morphology or motility; however, reported effects seem 
to appear at doses higher than the adverse developmental effects. Similarly, clinically or 
toxicologically significant alterations 1n hematologic parameters occur at higher doses. 


The mode of action for induction of adverse neurodevelopmental effects is not known. It 
is also not known whether the rat 1s an adequate model for toxicity of chlorine dioxide and 
chlorite in humans. However, this species is widely used to characterize reproductive and 
developmental effects in humans. 


Animal studies have demonstrated that the respiratory tract is the most sensitive target of 
toxicity following inhalation exposure to chlorine dioxide. No animal inhalation studies are 
available for chlorite. 


No human studies assessing the carcinogenic potential of chlorine dioxide or chlorite 
were located. Chlorine dioxide carcinogenicity has not been tested in animal bioassays. Chlorite 
was not shown to increase tumor incidences in rats and mice; these studies are considered 
inadequate for assessing human carcinogenicity because the exposure was for less than a lifetime, 
a high incidence of Sendai virus was found in the rats, and mortality was high in the mouse 
control group because of excessive fighting. 


Areas of scientific uncertainty in this assessment include the mode of action of chlorine 
dioxide and chlorite in producing adverse effects on multiple organ systems, including 
reproductive, developmental, and hematologic effects. Inherent in the uncertainty over the mode 
of action 1s identification of the susceptible populations or subgroups, and additional research in 
this area would help to better quantify the additional risk to these groups. Well-designed and 
conducted epidemiologic studies in communities with drinking water disinfected with these 
chemicals would decrease uncertainty in the utilization of animal models for determination of 
human health effects. 
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6.2. DOSE RESPONSE 


Quantitative estimates of human risk as a result of low-level chronic chlorine dioxide or 
chlorite oral exposure are based on animal experiments, because no adequate human exposure 
data are available. Neurodevelopmental toxicity is the primary effect in offspring of rats exposed 
to chlorine dioxide or chlorite in drinking water. Quantitative estimates of human risk as a result 
of low-level chronic chlorine dioxide inhalation exposure are based on animal experiments, 
because no adequate human inhalation data are available. The respiratory tract appears to be the 
primary target of toxicity in human and animal studies. 


The oral RfD for chlorine dioxide or chlorite is 3 x 10° mg/kg-day. This is 1/100 of the 
NOAEL, using neurodevelopmental toxicity in a two-generation rat study as the indicator of 
adverse effects. Overall confidence in this RID assessment is medium to high. Confidence in 
the CMA (1996) principal study is medium. Although the study design and analytical 
approaches are consistent with EPA testing guidelines, some limitations in the design and 
conduct of the study exist. Confidence in the database 1s high because there are studies in 
multiple species, chronic duration studies in males and females, reproductive/developmental 
toxicity studies, and a multigenerational study. The threshold for adverse effects is consistently 
defined among the animal studies. 


The inhalation RfC for chlorine dioxide is 2 x 10^ mg/m”. This concentration is 1/3,000 
of the HEC for thoracic effects 1n rats (Paulet and Desbrousses, 1970, 1972). No human or 
animal data were located for chlorite that could be used to derive an RfC. Overall confidence in 
the RfC for chlorine dioxide 1s low. The studies by Paulet and Desbrousses (1970, 1972) identify 
only a LOAEL in rats and rabbits for adverse lung effects in 60- and 45-day studies and lack 
experimental detail. There were no adequate subchronic or chronic inhalation studies that 
examined extrarespiratory effects, and no acceptable developmental or reproductive studies on 
inhaled chlorine dioxide. 
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APPENDIX A. EXTERNAL PEER REVIEW— 
SUMMARY OF COMMENTS AND DISPOSITION 


The support document and IRIS summary for chlorine dioxide and chlorite have 
undergone both internal peer review performed by scientists within EPA and a more formal 
external review performed by scientists in accordance with EPA guidance on peer review (U.S. 
EPA, 1994c). Comments made by the internal reviewers were addressed prior to submitting the 
documents for external peer review and are not part of this appendix. The external peer 
reviewers were tasked with providing written answers to general questions on the overall 
assessment and on chemical-specific questions in areas of scientific controversy or uncertainty. 
A summary of significant comments made by the external reviewers and EPA”s response to these 
comments follows. 


Question 1. Are you aware of any other data/studies that are relevant (1.e., useful for hazard 
identification or dose-response assessment) for the assessment of the adverse health effects, both 
cancer and noncancer, of this chemical? 


Comments: Two reviewers did not find any new relevant studies that would have any 
impact on the conclusions of this document. Four additional references were mentioned by the 
two other reviewers. One reviewer concurred that the results of the EPA evaluation agree with 
IARC (vol. 52, 1991), and there 15 inadequate evidence for the carcinogenicity of sodium chlorite 
in experimental animals. One reviewer commented on sensitive subgroups of the population and 
potential effects on blood chemistry parameters in renal dialysis patients when chlorine dioxide 
was used as a disinfectant. Also, one reviewer suggested a statement should be made on whether 
chlorite can be designated as a tumor promoter based on an initiation/promotion study on mouse 
skin (Kurokawa et al., 1984) and if the promoting activity 1s related to epidermal hyperplasia 
induction after topical exposure to sodium chlorite. 


Response to Comments: The effects of chlorine dioxide and chlorite on human subjects 
and blood chemistry are described in the Drinking Water Criteria Document on Chlorine 
Dioxide, Chlorite, and Chlorate (U.S. EPA, 1994d) and in this Toxicological Review. All 
relevant ingestion studies, including the additional studies mentioned by the reviewers, have been 
evaluated in the drinking water criteria document, which was used in preparing this 
Toxicological Review. Changes seen in the tumor promoter study on mouse skin were not 
statistically significant. 


Question 2. For RD, RIC, and cancer, where applicable, have the most appropriate critical 
effects been chosen? For the cancer assessment, are the tumors observed biologically 
significant? 


Comments: Two reviewers reiterated that it would appear that NOAELs around 3 
mg/kg-day for the neurodevelopmental and behavioral effects are the most appropriate to develop 
the RfD for the oral exposure route, that the selection of the Paulet and Desbrousses (1972) study 
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for developing the RfC for chlorine dioxide is appropriate, and also that there is still no adequate 
evidence for the carcinogenicity of chlorine dioxide or chlorite. Other reviewers also stated that 
there are inadequate cancer data for risk assessment. One reviewer commented that an 
independent pathology group should review the histopathology diagnoses in the CMA (1996) 
study. 


Response to Comments: The CMA (1996) study was vigorously subjected to 
independent peer review at EPA and by external reviewers. It was also reviewed by the 
stakeholders. Additional review of the histopathology diagnoses was not performed because the 
most sensitive endpoints (neurofunctional effects) were not histologic in nature. 


Question 3. For RfD and RfC and cancer, have the appropriate studies been chosen as 
principal? 


Comments: The external reviewers reiterated that appropriate studies were chosen for 
chlorine dioxide and chlorite. One reviewer stated that actual study reports cited were not 
available for review; the reviewer also suggested review of additional studies for irritating effects 
of chlorine dioxide in humans and questioned whether humans were more sensitive than rodents 
to chlorine dioxide. 


Response to Comments: EPA cited the suggested studies as appropriate within the text. 
Studies describing irritating effects of chlorine dioxide in humans are described in the text. Data 
on the comparative sensitivity of rodents and humans to chlorine dioxide are not available. The 
10-fold uncertainty factor for animal to human extrapolation was deemed an appropriate 
adjustment for this data gap. 


Question 4. Studies included in the RfD and RfC and cancer under the heading 
"Supporting/Additional Studies" are meant to lend scientific justification for the designation of 
critical effect by including any relevant pathogenesis in humans, any applicable mechanistic 
information, any evidence corroborative of the critical effects, or to establish the 
comprehensiveness of the data base with respect to various endpoints. Should some studies be 
removed? 


Comments: Reviewers indicated that additional and supporting studies cited for the 
RfD, RÍC, and cancer assessments are appropriate and that no studies should be removed. One 
reviewer commented that he would question the quality and utility of studies that were conducted 
50 years ago when quality assurance procedures and chemical production procedures and 
specifications were not what they are today. One reviewer asked whether any attempts were 
made to obtain histopathology slides from the unpublished Haag et al. (1949) studies. 


Response to Comments: EPA agrees that no additional and supporting studies should be 
removed from this document. EPA did not attempt to acquire the histopathology slides from the 
unpublished Haag et al. (1949) chronic studies of chlorine dioxide in rats since they are older 
studies. 


47 


848 


COMUSAVO 91 


Question 5. Are there other data that should be considered in developing the uncertainty 
factors or the modifying factor? Do you consider that the data support use of different (default) 
values than those proposed? 


Comments: One reviewer was unaware of any additional or other data that should be 
considered in developing the uncertainty factors for chlorine dioxide or chlorite. One reviewer 
questioned whether 1t would be useful to review/discuss the risk analysis that supports the use of 
chlorine dioxide and sodium chlorite as indirect food additives or as components of consumer 
products such as mouthwash or toothpaste. ۸ comment was made that the report should compare 
lifetime animal and human oral exposures to chlorine dioxide or chlorite on the basis of mg/kg 
body weight and mg/mL body surface. One reviewer commented that patients on extracorporeal 
hemodialysis using home equipment may be potentially exposed to 70-90 times the residues 
exposed by adults who merely consume the water. A question was raised on the data available to 
support selection of an uncertainty factor that takes into account for those individuals with 
deficient glucose-6-phosphate dehydrogenase activity and neonates with sluggish methemoglobin 
reductase activity. 


Response to Comments: EPA agrees with a reviewer that additional or other data are 
not warranted for this risk assessment. EPA followed the customary guideline for risk 
assessment for development of an ۶۸ derivation. EPA did not examine chlorine dioxide or 
chlorite as indirect food additives or as components of consumer products such as mouthwash or 
toothpaste. EPA discussed individuals with deficiency in glucose-6-phosphate dehydrogenase 
and methemoglobin reductase as a potential susceptible subpopulation in the drinking water 
criteria document (U.S. EPA, 1994d). EPA thinks that an uncertainty factor of 100 is adequate to 
protect this group as well as the 80,000 Americans on renal dialysis. 


Question 6. Do the confidence statements and weight-of-evidence statements present a clear 
rationale and accurately reflect the utility of the principal study and the comprehensiveness of the 
data? Do these statements make sufficiently apparent all the underlying assumptions and 
limitations of these assessments? If not, what needs to be added? 


Comments: External reviewers indicated that the confidence and weight-of-evidence 
statements were clearly and rationally presented. One reviewer indicated that the 
comprehensiveness of the data was adequately presented and the underlying assumptions and 
limitations of the assessments were sufficently presented. One reviewer mentioned that the 
confidence statements for the RfC for chlorine dioxide should indicate whether humans are more 
susceptible to chlorine dioxide. 


Response to Comments: Adequate information is not available to determine if humans 
are more susceptible. EPA has applied a 10-fold uncertainty factor for extrapolation from 
animals to humans to address this area of uncertainty. 

Question 7. Is the weight of evidence for cancer assigned at the appropriate level (where 


applicable)? 
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Comments: External reviewers indicated that cancer assessment was not applicable for 
chlorine dioxide and chlorite, as the data are inadequate. One reviewer commented that a 
statement should be made concerning the designation of sodium chlorite as a tumor promoter in 
mouse skin under the conditions examined in the Kurokawa et al. (1984) study. 


Response to Comments: The reviewers agreed that the cancer assessment was assigned 


at the appropriate level. EPA does not agree that such a statement should be made as the 
increased tumor incidence did not attain statistical significance. 
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whi, los pacientes زان بط‎ ads: 
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E: 
(wA D 
| E ups | 
du خی نت‎ 
recaicer que formula fue usada PASS en médicos de is organis cación. 1 


Eh ie 
w^ er w hee ےا یی‎ 


médicos de la AEMEMI pretenden dar una esperanza de vids a las gfüpos d 


de 0 lE. 
población poco favorecidas en la atención de salud con recursos econó NCOs 
bajos que no han podido acceder a una atención médica adecuada e i156 E 
diferentes sistemas de salud de la cuidad que se encuentran colapsados por la 
alta demanda de pacientes contagiados. Además de ayudar con al sistema de 
salud pública en la pronta recuperación y alivio de la sintomatología de los 
pacientes infectados. Se pretende que este sea un precursor de futuras 
investigaciones a nivel de Latinoamérica y el mundo que fortalezcan los 
beneficios que brinda el CDS; para el beneficio de la humanidad especialmente 
de personas de mediano y bajo nivel económico pues esta fórmula puede estar 
al alcance de cualquier bolsillo debido a su bajo costo, considerando el número 
de muertes y morbilidad causada por esta pandemia 1 s m pro la 1 ما‎ " ? zu 


انا 
زا ۶ MU:‏ 
Tn ORIGINAL que et‏ 

Te der p Poo. 





Y ex ae ait, 
y quà € Tm vuali G 





A 


i 
۱ 
| 
PRACTICA CLINICA cd ٢" 
ATA Ds aue Se SEA Y aque 


La infección por el virus de la influenza en el aire de los ratones se puede prevenir 


-— 4n. U M 


con dióxido de cloro gaseoso (CIO2). 

Este estudio demostró que CIO2 redujo la función de la hemaglutinina (HA) del 
virus de la influenza A (H1N1) de manera dependiente de la concentración, el 
tempo y la temperatura. El científico N. Ogata tuvo éxito en la inactivación de! 


virus de la influenza’ ai inhibir su capacidad de unión a receptores (Ogata N. 
2012) 


María e. Alvarez y R. O'brien en su Investigación "Mechanisms of Inactivation of 
Poliovirus by Chlorine Dioxide and lodine" mostraron que ambos compuestos 
tienen actividad antiviral al reaccionar con la capcide del poliovirus alterando ei 
pH, encontraron también diferencias en el mecanismo de acción. El yodo actúa 
deteriorando la capacidad de anclaje del virus a las células mientras que ات‎ 
dióxido de cloro también inactiva el virus de las células infectadas al reaccione: 
con el ARN viral deteriorando ia Capacidad del genoma reduciendo lè 


incorporación de uridina en el nuevo ARN - viral (Alvarez M: O'brien R., 19823. 


$60 


COMUSAV103 


or 
۷ 5 1 3 و کہ د‎ j 5 7 3 0 ہیں کوچ دنو وا 7س‎ Pn . T f "m ipm کچ‎ Pe bag ېره د‎ PE i aset d کد‎ Xu P "m 

i ایا اث پټ‎ Poat ام‎ y SUUS 6; ٤8 FE ESI test Li MI Gn زا‎ to EEES A ال‎ Oe tigi ui pe 

Fi که‎ ep CS : و چا پر ووغه‎ ES aĵ me "PE à ۶ ۶ Y^ رہ بے‎ `, À en بي و ہم لی یم سی شو‎ M, سر‎ pty ate x ae 2 
MEMOS y SHTHOR y Sando dioxido de cla: O y encontraron quc p concerti ارت‎ UE 


acitvados comparando رب‎ 


4 As قا ات‎ E ۱ م کے‎ ۳۹ 
VALOGHN Jj (290). 


tonal Library of Medicine 
Chlorine Dioxide in the 


550602 


alamiento de pacientes con 
cabo entre abril y junio de 
Madrid. 


Sor 


ado ningún efecto adverso Sobre la 
gestion de CIO2 en el agua potable. 


desinfección de semilías, 


ciones debajo de وا‎ piel de animales y 


iiyacc 


ا ۴ 


018 en 


luyen, mutación de Ames hámetes 


"T. 
T 
P4 


Teratologia 


crónica del dióxido de cloro se hz 


(1990) y Haag (1949) 


NA H 


CE Gi al. 


Rahman, 1980 Moare y 


n demostrado que los compuestos de CO2 ہم‎ 


más de 1500 ratas e 


farmacodinamice 


Los otros estudios (B 


de O.2mg/t. a un de pH 8 los virus eran rápidamente in 


efectividad cor: اع‎ ozono én un medio alcalino (CHEN Y. 


Actualmente existe otro estudio aprobado por US Na 


iulado Determination Gf the Effectiveness of Oral 


Treatment of COVID 19 donde se revisara, mediante una investigación Dro 


de casos, la eficacia del dióxido de cloro 0 
infección por COVID 19. La investigación se llevará a 
2020 con un diseño cuasi experimental en Colombia y 


al en el tr 


TOXICIDAD DEL CDS 

Muchas evaluaciones ha 
tóxicos. Cinco décadas de uso no han indic 
salud. Las pruebas de toxicología incluyen in 
adiciones a cultivo de tejidos, inyecciones en la sangre 
desinfección de huevos de insectos, inyec 
en el cerebro de ratones, administradas a 
WS tallos de las plantas. Test "estándar" inc 
chino, Ojos de conejo, abrasión de la piel. 
¡Alliger, Hj Aunque la toxicidad subcrónica / 
investigado en varios estudios, solo Daniel et ai. 


examinaron una amplia gama ول‎ puntos finales 
Abdel-Rahman el al, 1984b; 


1982; Couri v Abdel. 


Calebrese, 1982) se centraron en el sistema nematológico, Hasta le fache 


tudio ha examinado e potencial carcinogénico del dióxido de cloro. 


Ortantes sl ingeri 


r 5 > +‏ 
ېر ما تم دپ نا سم له محر پا sear a EN‏ مج 
GRX.: gue tala ud 3 Os.‏ 


[ig x 


2377/23/65 "E temgo 


ME‏ دا 


por qué la soluci 


usa ningún defio a los humanos ni a ios 


ningün eg 


Estudios en humanos mostró que no hubo efectos ۱۲۵۵۱۷۵5 imp 
Judith R ei al. 1982) 


24۵00۳۱/۲ CLO? Por 12 semanas. ( 


E! CIO2, el llamado "biocida ideal" 


PN 


rápidamente no ca 


i eliminación (de! patógeno) es proporcional ai cuadrado ول‎ Leu 
característico de un CUERPO, por Io tanto ins Pequenos se eliminará 
extrercadamente rapido, Por eiemplo, ei نوا‎ de muane de he DECE ia es دل‎ 
orden de müisegundos en una SOMIGION de 300 ده موم‎ SUL PO سو‎ 
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a vU 


E 7 $ | ۱ 


en 8 L 
cos minutes de Herpe de contacte es sufiGiénte pare 27 à todas BR O 

bacterias, pero lo suficientemente corto pera venene ها‎ peral ación Ge HOE 

en los tejidos vivos de un organismo mayor de forma segura. (Noszt iczius AE. 
al 2013). o 
investigaciones sobre el CLO2 han especificado que cuando se forme por 
activación el dióxido de cloro, una pequeña porción de Él se transforma en su 
conjugado, que casualmente es el ácido hipocloroso, la sustancia que los 
neutrófilos y macrófagos vierten sobre los microbios para combatirlos. De )ا‎ su 
efecto antibiótico (Ruiz A. 2009) 

DISEÑO DE LA INVESTIGACION 

El estudio se llevó a cabo en Ecuador en la ciudad de Guayaquil, desde el 26 de 
marzo a 10 de abril del 2020 mediante un estudio cuasi-experimental descriptico 
prospectivo de serie de casos cuya selección de la muestra fue de fine nc 
probabilística, por conveniencia, considerando a los mismo pacientes la población y 
muestra donde participaron 104 personas, de manera voluntaria, incluye 
pruebas positivas para covid-19, sintomáticos respiratorios para la enfermedad, 

así como de individuos que tuvieron contacto con personas infectadas. El grupo 

médicos socializo con cada paciente los beneficios y toxicidad conocida cie! 

dióxido de cloro (CDS) el cual se entregó, explicando las dosis a ingerir, así como 

su periodicidad de la formule, dando Seguimiento ios posteriores días او‎ 
iratamiento y analizaf resultados. 
Criterios de inclusión: "TT RTT 
a. Covid 19 positivos تہ‎ ee ٠ SS : 
9. Algunos de los síntomas característicos de covid 1C رون‎ e ۰1 
C. Edad entre 18 y 80 años V | | | | 
Criterios de exclusión: تچ‎ y D T 
s. Covid 19 negativos b. — 


S62 


5. Insuficiencia renal IV / VI 


چحم 


2. insuficiencia cardiaca con فرط‎ estiva. 
=. Pacientes que toman 


" ^e 1 MP رز‎ | ۷ Cu A ^i 
coagulantes paricuarmenta Varones aAcins 


i E | 


ILI‏ س 
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o û ambos dependidos ve la gravedad 


3 پوه‎ y re A -y $ 7 ام‎ 7 Y ا‎ o ہی پر‎ Mua رتا : 0 ما ہے که اس‎ og 2 Sb i.- ^4 
PROS TODA ve UE OA ATRIIS y os سپ‎ mA ot DE: LASOS دو دوو‎ Ut TPE Nara 
mo کاو‎ M $ c > x: SAIS ہد چپ ; چا کس‎ t - 


| ratamiento Propueste 


) 


a 


26 l'ecomie 


"^X 


du tomar ei protocolo E ai 
dei pacientes y del criterio médico. A continuación, se describe los diferentes 
protocolos: 


: Diluir 20ml de CDS en 500m! de agua 
* Tomar 65 mi c/15 min x 2 horas 


PROTOCOLO F DESCANSAR 2 HORAS 


e Diluir 10mi de CDS en 500ml de agus 


PROTOCOLO C * Diluir 10ml de CDS en 500ml de agua 


e Tomar 63 mi hora 8 tomas 


SÍIVOS greves y sintomaticos tomar dosis de atague o 
protocolo E por 2 ون‎ dias segun síntomas y mejoria, pazar a dosis de 
mantenimiento o protocols C y tomar por 7 días GS. 


En pacientes que hayan tenido contacto Son Casos positivos iomar dosis de 
mantenimiento o protocolo C de 5 a 10 días. 


En niños menores de د‎ años se debe dividir la dosis a la miad igual 10 días 
de tratamiento 


Se recomienda Inciusive tomar hasia 20 días de tratamiento dependiendo de 


la patología 


Además, se puede administrar por vie parenteral en casos especiales La 
dosis es de 30771 de CDS en 250 mi de solución salina 0.9% & 34 gotas por 
minuto. 


+ i. ge کے‎ pie ۲ و‎ LP PEN 
“ecOmendacio I-A 


3 s ود په‎ y ar em و ۳ پر‎ ٠ کو ر ورت‎ - 7 26 Xx th ور‎ He 3$ ي‎ M, E + ang È که‎ "E کے‎ ES ir. y 
AIRE کو‎ wid que avs a in win! RANA cede nabe: 
1 4 ` N 4 
7 Gal utum - A ae aL 1 ee v þe توبن‎ 0o 4 .هي وج‎ 

IGS CTIA دو‎ megia | LA antes 


+ En pacientes DOS 
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+ Nose recomienda la ingestión en niños menores de 1 año وام‎ que la ^ i 
madre a través de la leche matema pasa el ácido láurico que tane, un aM 
afecto antiviral. ۱ وه‎ 

¥ 


Mantener una adecuada alimentación, hidratación y controi del 
metabolismo. 


Posibles precauciones y contraindicaciones 


El dióxido de cloro reacciona con antioxidantes y diversos ácidos, por ٥ 
que no se recomienda el uso de la vitamina C o ácido ascórbico durante 
el tratamiento, debido a que anula la eficacia del CDS en la eliminación 
de patógenos (el efecto antioxidante de uno impide la oxidación selectiva 
de otro). Por lo tanto, no es aconsejable tomar antioxidantes durante los 
días de tratamiento. En los casos de pacientes con tratamiento de 
warfarina, se debe comprobar constantemente los valores para evitar 


casos de sobredosis, ya que se ha comprobado que el dióxido de cloro 
mejora el flujo sanguíneo, 


Si bien el CDS es muy soluble en el agua, presenta la ventaja que no se 


hidroliza, por lo que no genera trihalometanos tóxicos que son 


۱ Doy PE: que lefts) poptai) que ادن دض‎ 

precursores cancerígenos. ^onsiante(S] GTi سا‎ -dapada vos کک‎ 

vastas i ORM oue mt ۱ deem 
| | + Que اد رل‎ A | 
دوو‎ | E >) 1 ) t 
; ۱ ; : ۲ود‎ e. ۱ 
Tabla # 1. Frecuencia De Casos Por Síntomas Covid-19. om يې‎ S P 





Ode. Geneie A ری ای و‎ live 
1 1 - ; l ۱ 0 ^ " 
وب‎ 8۱۸ 9۱/08١٤ ۴۸7۸76۳ quar sau 


y 

am 2 | x ! 

SINTOMAS سل‎ ۱ 
MUJERES |HOMBRES| TOTAL | : 


FIEBRE 18 [| 2 ا‎ 32 
ESCALOFRIO | 7 | 7 14 
DOLOR MUSCULAR | 33 29 | 6 
DOLOR DE CABEZA | — is ÛÎ عو‎ 37 
3 


DOLOR DE ESPALDA 
DIFICULTAD AL RESPIRAR 
VOMITO | 2 | 8 ا‎ 8 
DIARREA 6 | 
DOLOR DE GARGANTA 


| PERDIDA DELOLFATO 35 32 | 68 













لہ 


S64 


— ےب 
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Análisis: En relación a la sintomatologia destaca la ta 


dolor de espaida عم‎ 69, pérdida del olfato n=68, rnialgi 
n=45, cefalea n=37, fiebre n= 


$ seca n779, seguidos ول‎ 


a n=62 dolor de gargante 
:32. falta de apetito 
۱۳4۵, escalofríos n=14, diarrea n= 


nz31, dificultad para respirar 
17, y vomito n=8, 


Tabla # 2. 





TOTAL 55 529 49 5 47317 


Fuente: Consentirniento infarmado de pacientes 


Grafico 
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Distribucion De La Poblacion Por Grupos £tareos 


Seriesi 





| aos a 20. 2- 30 31-40 41-50 51- 0 el. LE ne 80. «80 


uSeriest! 6,7 | 87 e 13,5 183 212 و‎ i 77 . 67 10 


Análisis: se observa que mayor prevalencia entre 10 a 50 afios con el 21,296 de 
los casas (n= 22); seguidos de 31 a 40 años con el. 18,3% (n= 19) y 51 y 60 años 
con el 16,3% (n= 17) el restante grupo de distribuye de forma similar 
disminuyendo en edades extremas de la vida como menors de 1g ÑOS u ae 


react ay Base TP Qu due pe Dopo 
adultos mayores de más de 71 años. s) at FAC j | 


y رم‎ aci l 
۷ que denial shea اف‎ iens. E ^" 
7 \ é | 
A | s , | کي‎ 1 ۱ 
i Les bod 
Grafico 2.- 1 UN cae 
اه‎ Je ۲ e T : ا کے دہ اج‎ 
TE Punpa a T کے وت‎ 
TET i^. QUE JA Pm Glcir UA 
Distribucion de casos Covid 19 por sexo gar 
i 
53% 2 





Análisis: se observa que el sexo femenino es el grupo más afectado con el 
32,9% el sexo masculino representa el 47%. 


Tabla 3.- Distribución De Sintomatología según Dia de Tratamiento / (la c ر‎ 


866 
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uM 
MAT Aw, s 
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FALTA DE APETITO 32 67 


Fuente: Consentimiento informado de pacientes 7 


Grafico 3 - 
Sintomas primer dia tratamiento con 8 


FIEBRE ESCALOFRIO 
. DOLOR MUSCULAR TOS SECA 


DOLOR DE CABEZA DOLOR DE ESPALDA 

DIFICULTAD AL RESPIRAR VOMITO 

DIARREA DOLOR DE GARGANTA بر‎ 

81 So 


د 
ید 


۱ i TAN pH Bee! Ple Ec 7 7 3 

A. 9‏ ہو کو اټاف وه کے ہیی ںا 

A 30 Us نو‎ BO رید‎ SIS M d 
Pom 30 papy 7 Var due 28 
AO 7 uf hi: 3 | fm - 4 
5 vst $ ۹ TA ۶ 1 


D ٢ d 





TOTAL 


relación a ia sintomatologia en pérdida del alfate دم‎ Bo: 


Seguido 
N=83. dolor de garganta 81 dolor de 


espalda nz78 fiebre us6&ü 


361 


Análisis: En 


tos Sessa "T آ‎ 
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miaigia n=72, cefalea n=75, perdida de sabores 1:=69, falta de spedito; 7 
dificultad para respirar n=39, escalofríos n=30. yA 


a ern وه‎ 


: . 3 
1 7 X 5 - toc 
` - یوت‎ V : - 


۱ 
NA 


En cuanto al sexo femenino destaca la pérdida del olfato n=49, seguidd deo S ا‎ 
seca n=45, dolor de garganta n=41, mialgia n=49, fiebre n=40, dolor de espalda 
n=40, cefalea n=37, perdida de sabores n=36, falta de apetito n=32, dificultad 


para respirar n=17, escalofríos n=16, diarrea n=12, y vomito n=3, lo que se 
asemeja al grupo masculino. 


Tabla # 4.- Distribución De Sintomatología según Dia de Tratamiento (Dia 2) 












SINTOMAS 
FIEBRE 7 
ESCALOFRIO . 
DOLOR MUSCULAR 
TOS SECA 
DOLOR DE CABEZA 
DOLOR DE ESPALDA | 
DIFICULTAD AL RESPIRAR 


















DIARREA — 
DOLOR DE GARGANTA 
PERDIDA DEL OLFATO 


PERDIDA DE SABORES 
FALTA DE APETITO SUE a 


Fuente: Consentimiento informado de m ere 













` Grafico # 4.- 
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Análisis: En relación a la sintomatologia destaca la pérdida del olfato n=82 
Seguido de tos seca ۸۶/8 dolor de espalda 0:68. mialgia n$=56, dolor ۷ 
garganta 8 perdida de sabores n=40, dificultad para respirar n=30, cefalea 
729, falta de apetito n-27. fiebre n=23, escalofríos n=16, diarrea.n=14, y vomito 
07 | 5 


Tabla # 5. Distribución De Sintomatología según Dia de Tratamiento (Dia 3) 





Grafico A 5. 


Sintomas tercer dia postratamiento 
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FIEBRE 
ESCALOFRIO 
DOLOR MUSCULAR . 
TOS SECA 3 
DOLOR DE... -Fonge 


VOMITO b : 


DIFICULTAD AL... : 
DIARREA 
DOLOR DE... :: 
PERDIDA DEL... 
PERDIDA DE... 5 o 


"ALTA DE APETITO 
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1 pue Ur: 
و‎ à 
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3 xf x 
Análisis: En relación a la sintomatología destaca la tos seca n=76, (dolor dg 
espalda n=62, mialgia n=48, pérdida del olfato n= 32, dolor de و0‎ 1s, ۱ 
dificultad para respirar n=15, perdida de sabores n-8, falta de apetito sabes! ۱ 
diarrea n=8cefalea n=7, fiebre n=5 , escalofríos nz3, y vomito 3 





Tabla # 6. Distribución De Sintomatología segun Dia de Tratamiento (Dia 4) 





FALTA DE APETITO 


( | چس‎ : Joy EE Gua dis) ya ا‎ Gecadeca 
Fuente: Consentimiento informado de pacientes censtente(e) êr fl... eyelet villes es hs 
7 که‎ Nao ü ^al HA iode far adhoc 
i: 
v ife s (ق ۷0 آ6 نان‎ inis oido 
1 i. 


Grafico # 6.- 
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FIEBRE 


ESCALOFRIO 
DOLOR MUSCULAR 
DOLOR DE CABEZA 
VOMITO 
DIARREA 
DOLOR DE... 
PERDIDA DEL OLFATO : 
PERDIDA DE SABORES 
FALTA DE APETITO 
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| ey y 
Análisis: En relación a la sintomatologia destaca ia tos seca 098: dolor de 
espalda سم‎ mialgia n=30, pérdida del olfato n=8, dificultad para respirar n 
diarrea n-4, cefalea nz2, falta de apetito n=2, fiebre n= 


de garganta n=1, perdida de sabores n= 


pe 


rx 


à 
wr 

3 
A 


AREA 


z6 
1, escalofríos n=? dalor 
1 y vomito n=0, 


Tabla # 8 1 


| DISTRIBUCIÓN DE 11 PACIENTES INGRESADOS EN ESTUDIO SOBRE جوم‎ 
| CON EXAMENES HEMATOLOGICOS Y TAC 


DEL 24 DE MARZO AL 10 DE 
ABRIL 2020-AEMEMI 2020 


































| CR | 

LINF |NEUT |DIM |FER T AE EA y 
OCIT RITIN |HD | TG |G ۲ PC UR ۸ R 

0 A ها‎ IP JP ITPIR lig ںا‎ | EA NA LX 
| 40.1 21 260 | 117 0.6 IN 
| 96 49.361 0 [20] 19| 2 10 و‎ | * | ge 18 | 5 و‎ 

39.5 3 | 134 | 11 160 (OE [N IN | 
% 0 {0 | 24133! 4) 2] 0 واه‎ i9 | 9 O Ic 
| 1 | EIN PELA 65 بدا‎ 
و ۱40۳۱2۱ 40 | "773 خا‎ olos]! 0 0 3! + lo وا‎ J 
TL | 115 2511 [74] | ll 07 N ۲ 
|o 52.3 | > | esel = 40*i ° lolol os: 0 pola! ٤ا‎ 
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Análisis: se observa que los biomarcadores de al menos el 70% de los pacientes (n=12) 
donde se realizaron pruebas de laboratorio como FERRITINA, DOMERO D, PCR, TGO, 
TGP resultaron alteradas en él ensayo clínico así como la inversión de la formula 
linfocitos y neutrófilos, 








* alteración según resultado de laboratorio 
Linfopenia y 


=. jeutrolifimero: 
linfocitosis 
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Como se obseryan en las tablas # 10 existe una disminución general de 717 


de la sintomatología por covid19, posterior a administrar el tratamiento”. ór 


Dióxido de cloro. al cuarta dia de tratamiento, el restante 18. $5] n 





Sintomas « مه‎ descritos en ۵ا‎ literatura por CDS sean causados por la 
ingesta de! mismo ya que la sintomatología por Covid-19 es variada incluso con 
síntorias - digéstivos sobre cuadro diarreicos, además son pacientes que 


ingresaron al estudio con este cuadro, por ende, se puede establecer que la 
diarrea 65 a causa de cuadro viral, 


Así mismo es importe mencionar que el 11,53 % de los pacientes se realizaron 
exámenes de laboratoria y TAC de tórax, se identifica que el 66% de los 
pacientes recental alteraciones de ferritina, seguidas de linfopenia y leucopenia. 
Además, el 40 % de los pacientes presentaron sintomas de covid19 y el 30 % 
corresponden a Contactos de los pacientes los cuales se incluyeron en el estudio, 
| Lo cual limita el estudio, la mayor parte de pacientes incorporados en el estudio 
son de bajos recursos económicos y no cuentan con medios económicos para la 
realización de las pruebas confirmatorias ni de evolución, sin embargo, es 
evidente 2 mejoría clínica de esta serie de casos. 


CONCLUSIONES Y RECOMENDACIONES 


oe constató que el grupo más afectado por Covid-19 en este estudio 
corresponde a edades entre 30 y 50 afios, siendo el sexo femenino el más 
afectado. ( se considera aquí, que fueron las mujeres las mas preocupadas por 
su salud, y las que aceptaron someterse a este estudio experimental con CDS) 


En relación a la sintomatología destaca una reducción sintornática posterior a los 
cuatro dias de tratamiento de la fiebre de 98,5% 7, escalofríos 96,7%, mialgias 
58,3%, cefalea 97,3%, dorsalgia 37,2%, dificultad para respirar 84 6%, vómito 





j (3) spia(s) que c 

100%, diarrea 86,2%, odinofagia 98,8%, anosmia 9195. age sta ds, dà. bU, ar noh , 
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El blomarcador más alterado en el grupo dé موس‎ de pacientes que realizaron las 
Pruebas de laboratorio fue la ferritina con el 68,796, seguidos Inversión de linfocitos 
33,3%, HDL 25%, TGP 25%, Neutro lia coh el 18,6%, DINER 






No se registraron fallecimientos en este gru 
de efectos tóxicos y adversos. ہک‎ 


Cori estas Observaciones es relevante que las 
usar el dióxido de cloro a mayor escala. —  ' 
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CONCLUSIONES 


con este es tudio se comprobó que el Dióxido de cloro e ias dosis adecuadas د‎ 
intervención temprana fasest 21 y 3) en pacientes con pruebas y 
نس‎ 00۷۱۵, 19 remitió al § 97۵, y el 3% de pacientes en fase con ۷7 


no necesitaron hospitalización, sólo soporte médico y Seguimiento en cass 

continuo, de ahí la importancia de que debe ser un Medico conos 0 de iz 

fisiopatolo gía humana, el que maneje la administración y Supervisión del 

paciente covid 19 positivo y sus contactos, para obtener los resultados 

terapéuticos deseados y no se malverse el buen uso terapeutico de este 

on como es el Dióxido de cloro.ya que es el facuitativo si paciente 1‏ ہیں تپ 
n fase 4-5 ds covid 19,quien realiza la derivación ho ospitalaria en caso de se‏ 
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Foto # 1: Evidencia el uso Intravenosos de dióxido de cloro en paciente 
con Covid 19. 
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Foto # 3: Entrevista con el Viceministro salud del Ecuador Dr. Carrasco, 
donde se sugiere uso de dióxido de cloro en pacientes con Covid 19. 


fe 


IS 
xr. e 
e D 
HR 


NIE 





Foto ٭‎ 4: AEMEM! frente a la lucha tratando pacientes con Covid 19 
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Foto # 5. Familia agradecida que fue tratada con dióxido ول‎ cloro para 
Covid 19. 
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Yo... د‎ Arcor €.£..con Cedula de identidad2:32.2. Ge e, 2(4 2 desafíos de 
edad, una vez que se nos ha sociabilizado las bondades del MMS y del CDS "gas dióxido 
de cloro" como tratamiento para COVID-19 Explicado por las Doctores Mauricio 
Quifionez y Dr. Roberto García indicado el protocolo ۴, cada 15 min tomas B de 20 


gotas según respuesta y se pasara al protocolo C, 20 gotas cada hora. Se aplicará 
tratamiento de Medicina integrativa. 
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EL TRATAAMIENTO ES TOTALMENTE GRATUITO 
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ASUICLACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICINA 
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EL YRATAAMIENTO ES TOTALMENTE GRATUITO 


ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICINA 
INTEGRATIVA TRABAJO DE INVESTIGACION - 


nado con € 3rupo AEN ER Te | CU. ADOR Dr. ۲ ROE ERTO Gé RCIA 
ti A ai c a PTT LT 
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۷۵ اگ‎ Sands GRR con Cedula de identidad. 042426943 2 2ح5 ت0‎ de 
edad, una vez que se nos ha sochibilidádo las bondades del MMS y del CDS "gas dióxido 
de cloro" como tratamiento nara COVID-19 Explicado por los Doctores Mauricio 
Quiflonez y Dr. Roberto García indicado el protocolo F. cada 15 mir tomas 8 de 20 
gotas segün respuesta y se pasara al protocolo C, 20 gotas cada hora. Se aplicará 
tratamiento de Medicina i integrativa. 
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"X LABORATORIO CLINICO E 
RAR موس دد یټ مه مهه‎ E rer OMM bl A A A .ےس‎ 0 AE 
Nombre: — OUINONEZ MENDOZA , MAURICIO EDILBERTO Orden Ns. 2004203014 
Historia: 4886023 5 . Origen: EMERGENCIA HRG 
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| LABORATORIO CLÍNICO 


TEN 


Grdan No. 4004203014 
Origen: EMERGENCIA HRG 
Solieliaga Boe پا‎ 


یج هی ره دا( A CRINE AAA. VES EAR O‏ کات 
REALIZADO POR: ADOLFO BYRON BRAVO‏ 

TOVA A! CECILIA RUE 

2۳۳۵ رم‎ 12 Maas 


21 
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QUINONEZ MENDOZA MAURICIO EDILBERTO 
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انف‎ impresor: 
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20/04/202008:33:2: 
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El TRATAAMIENTO ES FOTALMENTE GRATUITO 


ASOCU CHOW CCUATORIANA DE MEDICOS EXPERTOS EN ړل و‎ 


INTEGRATIVA TRABAJO DE INVESTIGACION 


coordinado con Grupo AEMEMi ECUADOR OR Dr. ROBERTO GARCIA 


DIREC, PACIENTE GQ. لل‎ et MI Mind Y LO TELEF..QO 1.5 20 4L ES 


£358 7 Ove 


Consentimiento voluntario GRUPO 5۸1061010 
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ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICI 


IU ETN, رن :ظا‎ 
am 


NA INTEGRATIVA 
FECHA: MARZO-É..pg| 2020 
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NOMBRE ESTUDIO RESULTADO UNIDADES ۲۰۲۹5۴ 
BIOLOGIA MOLECULAR 


(2) Coronavirus ۔‎ Co-Vid 18 por PCR POSITIVO 
Tecnica: PCR en Tiempo Real 

(2) COVIO-19 (Coronavirus) Screening DETECTADO 
RESULTADO CONFIRMADO y VERIFICADO 
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Co Presenta reacción cruzada وی‎ virus h mi ۱ 
POV NLS, 229E, HKU, OC43 o Merg, "۳۹٣ respiratorios comunes como: 


Resultado: POSITIVO 


Interpretación: La muestra ampiica ag ۱ 
CoV Virus DETECTABLE CP. P con les سید‎ ۲ Sendas eepscifizas del virus; Wuhan 2019 
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ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN hAEDICAU 


INTEGRATIVA TRABAJO DE INVES ۲ 


Coordinado con n Grupo AEMEMI ECUADOR. Dr. ROBERTO GARCIA 
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ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICINA INTEGRATIVA. 


FECHA: MARZO-2.DEL 2020 
NOMBRES: kl $. rich 
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DESDE CUANDO SE SIENTE ENFERMO: 
¿TUVO CONTACTO CON PERSONAS 
NOMBRE DE ESA PERSONA -.---- — — 
IUSTED SE HA HECHO EXAMEN DE وروی‎ 12. 
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FIEBRE: — . 
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رس جھ سو den‏ مه جم دز موو دا دہ ہمہ 


A autorizo recibir tratamiento con CDS Y 
MMS para tratamiento y prevención de COVID 19, el mismo que tendrá lugar en mi 
domicilio, y será monitoreado por AEMEMI. 
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FL TRATAAMIENTO ES TOTALMENTE GRATUITO 


ASOCIACION ECUATO ORIANA DE MEDICOS EXPERTOS EN AE 


INTEGRATIVA TRABAJO DE INVESTIGACION 
boordinado con الا‎ Grupo AEMEME ECUADOR Dr. ROBERTO GARCIA 
SIREC. PACIENTE, 
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Consentimiento voluntario GRUPO SANGUINEO 
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ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICINK ie 
INTEGRATIVA TRABAJO DE INVESTIGACION fl 








Coordinado con Grupo AEMEMI ECUADOR Dr. ROBERTO GARCIA 
DIREC. PACIENTE, مش‎ ve ما‎ 
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BUC 32.87‏ کزان 
Consentimiento voluntario‏ 

Prueba COVID-19 St........ NO........Fecha DE SINTOMAS INICIO Jef Maw 

INICIA TTO CDS. SI ... NO... CUANTOS MIENBROS SON .... TOMAN CDS SI... NO 


۷۵۴۵۷ ...اک‎ Cedula de identidad 71072 21332. de.£Laños de 
edad, una vez que se nos ha sociabilizado las bondades del MMS y del CDS "gas dióxido 
de cloro" como tratamiento para COVID-19 Explicado por los Doctares Mauricio 
Quiñonez y Dr. Roberto García indicado el protacolo F, cada 15 min tomas 8 de 20 
gotas según respuesta y se pasara al protocolo C, 20 gotas cada hora, Se aplicará 
tratamiento de Medicina integrativa. K 


LECET T] 


۱ | 
Numero de posibles contactos...!2 





Firma de consentimiento... dZ 


el | Síntomas 2 día del Sintomas 3 día del | Síntomas 4 dia de! 
tratamiento tratamiento tratamiento 








Síntomas antes del Sintomas 1 día d 
tratamlento tratamiento 















Escalofrío 
Dolor Muscular 
Tos seca 

Dolor de cabeza 






| Perdida olfato 
Perdida sabores 


* - - | 
| Falta de apetito | 7 | ۱ ۱ | 
Observación del paciente al tratamiento: 
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PET t. HP a DIO) 


ASOCIACION EC UATORIANA DE MEDICOS EXPERTOS EN MEDICINA INTEGRATIVA. 


FECHA: MAR204---DEL 2020 


> بر F‏ ; _ 
ہے امو ہمت یا مو جو رع یں سے ماو mahan i‏ کو او چیا کہ ووه وم واوو سوب جج LA‏ و جو موه ۶ فا هس ده xA AN‏ مو هوید HOM Bi (ES: e‏ 


FECHA DE NACIMIENTO: I A MIST تم‎ ee 


DESDE CUANDO SE SIENTE ENFERMO: Leal. ASE... lr... 


¿TUVO CONTACTO CON PERSONAS QUE TIENEN EXAMEN DE COVID 19 POSITIVO? O 
NOMBRE DE ESA 88856088. 


IUSTED SE HA HECHO EXAMEN DE ډوو ین‎ 4 Q 
SEÑALE QUE TIENE: 

FIEBRE 

ESCALOFRIOS: 

DOLOR MUSCULAR: 

DOLOR HUESOS: 

DOLOR DE CABEZA; 

DOLOR EN PECHO AL RESPIRAR: 
DIFICULTAD PARA RESPIRAR. 
VOMITO: 

DIARREA; 7 

DOLOR DE GARGANTA- 
ARDOR DE GARGANTA: 
NO SIENTE LOS SABORES DE COMIDAS: 
NO SIENTE LOS OLORES: ..- 
OTRO SINTOMA: 


2 
Vonks مگ‎ BRR ی‎ 070 -3utorizo recibir tratamiento con CDS Y 


MMS para Tratamiento ۷ prevencion de COVID 19. el mismo que tendrá lugar en mi 
domicilio, y será monitoreado por AEMEM) 


a 564343 
ERM pe سب چھ وه‎ trees Te EEE A Ss - سے نے سم مو سو‎ Ereim A وی و یع دوه ما‎ 
د‎ 
ET AI و‎ — Moers B ره اھک‎ ed ec من‎ LA TU 
ber 


Y "i ^en 
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۹۹ NY ^1 
an a 


و Sige n‏ مت 
RE ‘af. E:‏ 3 
ya. > A 5‏ 
Hora iod‏ 
E i- x. i -‏ 
d : . i ۳‏ 
Ce >‏ 
ei‏ و $ 
وه : 
| 
E s‏ 
2 1 
m‏ رع 
A M. . 0‏ 
TRATAAMIENTO ES 4 iT INE AE‏ 3 
GRATUITO itus a‏ 
A uo‏ ای 
Mt e‏ 


ASOCIACION ECUATORIANA DE MEDICOS EXPERT OS EN MESICINA ۱ 


NT ۸ \ TRABAJO DE INVESTIGACION 






DRA dA Tur. dj TELEF. 22 4 EPE E304 
Consentimiento RP GRUPO SANGUINEO .- 


Prueba COVID-39 51. لد‎ . Fecha DE SINTOMAS INICIO 


FTO CDS. (SÍ, NO.. No DE MIENBROS .. . TOMAN CDS X CONTACTO FAMILIAR 4 — ٢ 
Ye AR Ard , 


"cha وہہ‎ x i ^s As s A ) | - s 
y 
Yo... das ۴ ۵ ۰ se رت‎ 


erem CON Cedula de identidad SSE ELA 022 de 
edad, una vez que se nos. hs sociabilizado fas bondades del MMS y del CDS "gas dióxido 
de daro" como tratamiento ae —— Explicado por los Doctores Mauricio 

| el protocolo F, cada 15 min tomas & de 20 
"sta y se pasa al protocolo C, 20 gotas cada hora. Se aplicará 


Ml ۹ 9s 


می 
Y‏ 
ہے 


> لو هد AA‏ 


Numero de posibles Contactos 


f 


| 
! 
i 


+71 Firma de consentimiento... - 


Seri ox TYEE, CIS 





——— 





TT a; 


M سج مهه‎ 
Sintomas 201882 del | | Sintomas 1. i día del dei ; Sintomas 2 ins del | Sintomas : 3 dia del fal | s Sintomas 4 día dej 
 Matamiento E U'atemienio 








n watenWenio — C _ Watemienic | _wetemlento 
و سک تح تڅط 4[ سج‎ 
بو سم جیما‎ —— 4 = 


3 
EA - r‏ مہ CPE aa ca‏ پس مم ہے مس همه : مو س ی یت 2.2 ; 
+ 

| Escalofrío ۱ ۱ 


Í Dolor Muscular TT | | 


AT a n سو موو‎ sr eed 











TA ee a ہے‎ 

1 

EE 0775‏ سه هوه چو py — n € € m A MÀ EG‏ تعے جج مم موچ وچ ا ا د ود ہم سے سے 

"fos seca ; | | 
Dolor de cabeza TT م ہے ہم سوسممه ووس‎ Tmran | 

| Dolor de cabeza E E 


Peur E NN EE c ON NEL — JL. 
۵ Dolor de espalda : 








" EN سس سس و‎ 
AAA ومو مس ا‎ a موم‎ 
; ¡Dificultad « tad al trespir Er ۱ | 
E سس‎ M E ] 
: 1 uA ET سح‎ [t 
_Diarraas شي تفه اا‎ : j 
A تست مت‎ $ A eeaeee a are a ده مس‎ Tm e وو موم ا مرم‎ 
i : Dolor ۵۵۱٥۶ de Garganta : au 5 i € Td m } 
ERN تر‎ RCM سم تح سم یب‎ 
| Perdida Perdida olfato MEN : | | 
O Fe X mM tma ۳ وب سی ڈپچجعچمہور تست‎ + 0 
¦ Perdida sabores ۱ ۱ i 
T Aer t a ہے‎ 


سموو سوق میټ 





Falta de Taka de apetito a 


; bservaclón dal paciens LIT 1 ا سد سو‎ ye i 
Cher vación del va: ante al tratamiento: 





į 
۱ i 
تن‎ e a aas TOOK شم شش‎ ee ا سے مہ ۵ و مره‎ 


A EA "hg lt ua,‏ لل رر و و یا 


veda Mit tn اه هه بې‎ N 
: im 1 1 ^ D pai ; 3 1 e "M Tn bg Ri s dea 7 ٩ 7 ۲ " c x 5 

za 2 Md m Ar. Roberto Gareto‏ ون BIIO AMO‏ ات 

7 jov iue 3 reU ^ . ect 


DE edet a - الا‎ jv 5 ۱ PC Jue : c a gi 
"residente AEMERM: : p Y ÀEU اوو‎ AERAENAI 


i 
ZA 


ما — 
شیمه 
— س ~ 


ia 
— 


— 
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SIREC. PACIENTE LLL ON 


AAA ۱ TEL ل0‎ EOE BLES 


5" SECO, 
et OF e 






ہے لے کر یر وټ 


۱ 7 etm 
26 £u 
Er 


— Fecha DE SINTOMAS INICIO à 5 - ian 


TTO cos. SL. No - E DE MIENBROS .. Tongan CDS X CONTACTO FARILLA ., Ga tec Ts 
Ne t 9m" St Qr 


e I tes. -- ہیں‎ Cedula de 'dentidad O 3 P / $56; 1-3۸05 de 


edad, una vez Yue se nos ha Sociabilizado las bondades del 45 y del CDS Bas dióxido 
9e doro" como tratamiento para COVID. 29 Explicado Por los Doctores Mas ricio 


Quillongz y Dr. Roberto Garcia indicado e Protocolo E, Cada 15 min tomas 8 پر ول‎ 


Joa y ^ 


aU er de j OS CONTACTOS... ۶۳۳۷2 ia -"Onsenümiemto 


1 a وم‎ oe ر‎ 


Ores TU E poe مس‎ apapa savea ری‎ 


a a T‏ ی 
día cu |‏ 4 بووہوہں لا Sintomas adig. del Mittomas 1 dis det Si tomas A dig del: Hatomas 2 de sai i‏ | 
i tiles | Ms per Waar : ۱ ip niente: i j‏ 
OEE watampens, |‏ و0 کت 


ERE 
مس سے سیو‎ Ute “> M T بت‎ 0 
اوت‎ 


pm : : 
Fiebre ۱ : 


t 
سخ‎ tr M ہے‎ 


Ae ne reenn T ÀM—À 


a ee‏ ر 
í ' :‏ ] 
O Tm aa a D MÀ M —‏ مو می .سس و سک کک ee Oe PA ee Ta — MÀ‏ هرد “vame,‏ مځ 
i Escalofrío ۱ |‏ 
رر ہے ME c‏ مس شين وو ا ہے می ىیىسىىس ls e‏ تسس سح 
Dolor M Souls r ;‏ : 
نه ae n‏ نت 5 EEE 1 PM ———— 5 mari. UN‏ ین Tree wonm Saree te Teepe‏ ر اوی رم —— M 7e‏ 

a سنج‎ 

los seca 

مت 


۱ Dolor de cabeza 
kii 2 a چا‎ 
| Dolor de dspalda 


A ے‎ | ! 
m ra شه 0 انس‎ T a سس‎ "TN uu - 

i Dificultag a teapirgr | 

SOR rae Nene: boc . C À— rt, Ó— MÀ اي‎ mei —— TE E 

; Vómitos سه‎ | 

Ln 


M و شش‎ ey M — با‎ 


aa ae —MÀ ty. 


Pm dm 
Jir ; ۱ 
If RERS 00 ER d. FAA سپ ج‎ ur Ee ږې‎ ERE 
| Dolor de وف‎ ۱ 0 ۱ ۱ 
MM SP 


-— = To — AM. ——— + -a سن سو ئن‎ ~ tane OA ار ہے سم مهه تج‎ UÓ——Ó— — . ہے سح دوو‎ e a e 
a 
۰ p PU a 
۱ E - د‎ ae: ۰ , 
i f erdida Olfai- : M 


7 
تسد‎ à ca; ee یس‎ 


I 

e —]‏ — ےس مھت EN‏ رر پوت سس سح سکم کٹ کت رو وم بي AA =æ. LI‏ سس و اعت 
Grida sabor ۱ ۱‏ 
—À — ^ ° E!‏ — ا ow‏ — — یم سیق a tte‏ ی پ مس Enc S‏ رم B‏ کم - SEES‏ 0 
| : جح 50 rule de‏ 
ey :‏ ہہ شوج ھت MÀ e ee‏ — 


¢ 


ae کک $ سا‎ +d MIA پو ې که‎ i py. e 
Jbvarvarign del sucio Va al د ري‎ np 


, 7٤5< وبا ہے ےد جب‎ A OE, وم‎ sy be “an; ESPs ٢٧ و‎ > Vea a 
ts, LE > a - 8 
ا‎ UN EN T MES ET - 
z cà 7 ۰ لا بد د‎ Ps ۳ ۳۳9 es. agan: ? 
E و ای‎ EG ل ?3 ماد‎ EY 


0 اد د EMA EARS A‏ 4 د وا 
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DIREC هه‎ PACIENTE رھ‎ i (77 p ML tg, i 14 bla dv TELEF.. 


RS. 6. 9 PET : 
MN سر‎ a eno a ys 
Consentimiento voluntario GRUPO SANGUINEO ۱ 


۱ : TONES DAG تن‎ 
Prueba COVID-19 5L... "^o; j Fecha DE SINTOMAS INICIO... ST 2 


= r E vts 0 vL 
TTO CD aL). NO.. تا‎ DE MIENBROS . TOMAN CDS X CON TACTO O FAMILIAR + ES 85 
Y چا نه‎ 0 


PE TM Deve Hl... On Cedula de identidad, 892/072 4 2 ede 3Banos de‏ ی 
edad, una vez que se nos 0 soctabilizado las bondades del Mp‏ 


iS y del CDS "gas dióxido 
de cloro? como tratamiento para COVID-19 Explicado por las Doctores — 
Quifionez y Dr. Roberto García indicado ej protocolo E, cada 15 
gotas según respuesta y se pasara 


min tomes 8 de 2 
at protocolo C, 20 4 gotas cada hara, Se Mean 
tratamiente de Medicina i integrativa 


"umero de posibles r ntactos. 


ES Contactos... Firma cis consentimiento. 


پوس سج یر سو وسم د اخس ی > pee‏ 





eee P an‏ ت 


| Síntomas antes del | Síntomas 1 día del 
3 


|  Watamiento 


Síntomas & dig del | ¡Sintomas : 
. tratamiento 


3 dic dat | Sintomas 4 día de 
tratamiento D eran aliento ۱ tratamients 
| Flebre NOMEN: m ie MEME و‎ 


| : 











A =e حم‎ 











` Escalofriz 


ر یمس وس ee dances‏ اہ اچ .و بوخ سم مینست $e.‏ —— —— ہے a a‏ ت 
مس سمش rt‏ 


| PÍÁ — — سے‎ 

u adu : e‏ رد CAEN:‏ صي ij" y Muscular NN MR UE TANE O‏ سه 8 اوه 

; Tos secs i 2 ١ | | 
a Ms : x نے تی کت سه ايسب‎ 

i Dolor de cabeza : i | 

e 0!‏ ننسنسپشسم مم مج سو "ar ME‏ می برس سبح سس A‏ 


Ai P یم‎ um (e ein M— MÀ نے ہے۔ ےہ‎ > 
A ات ريه‎ Pane 














Dolor de espalda - | ۱ |‏ | 
و رمس سس ند A‏ رر ټم a O en‏ سم —— ا یپ سم ےک ی ni‏ ی ی کک 
ان i Dificultad al respirar‏ 
Vómitos |‏ 
يبد رووا 
i Dilarreas . :‏ 
ناو دل وت په 


AA MÀ ےہ سے‎ 





ام ومو سف A‏ 


i Dolor de Ga; e Ga gants - : E” xm - E , 1 
شو به مک‎ ETRAS ہہ ہے ےہ شم‎ > : 
, Perdida olfato | a پت‎ d ye 
Ferdida sabores سر سه‎ | 


وب ہش سی و cu‏ 
i‏ ا att‏ 


۳ TAE DO meiner e E سس‎ 
aa de: de 5۴2 1 














f 
بج وت‎ (۶ rlo Cache nee 





وا بای 

C Q AC . 
AI aia z ‘ ttr be 5 ats > تیج یت‎ stad لہ‎ e be quat: y 7 ان‎ ad RUIT "*t**aüYas لا‎ sys 
ba ۳ ue Ls inte xs 1 ۲۹۱۱۲۰: ۰ ae 
gy e ut PLS 4: $ ue 2 T 2x 7 a 9820ء‎ i d 

MALE 7 یئ‎ apie ۰ 

à 2 E IN UL 
a = 7ت‎ 
QM. PULS E A ic eine. ax "vt ol qc 


de 2 inn NEN wr Roherse, یو ہج‎ Sis 
ufi My aT نا گب‎ s à t | ۱ ۱ 
"residente AERE: pu de: E po i AEMENE 
| - اي‎ t ۱ Bay 


e 
t f ۱ یں‎ d P OLET 
pt ا‎ : 





` 
س 


IE" 


—— ———-— 
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ATUBRUO DAL Pat Ne وع‎ 23 
بج‎ 7 


ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN MEDICINA INTEGRATIVA, 


FECHA; MAR20-*..pgi 2020 
NOMBRES: Ey لودلولہ‎ Rain, p 


to fos 
FECHA DE NACIMIENTO: ef LESS 


جر زي ګرم پد سور 


ma 
eda, 


LA 1 دی‎ DAA جعد‎ rp ری‎ OEA سوہ جم وو مو هو موه دے موا‎ ES ہز‎ ryan an «4t دابا د صمح یي د مره و‎ re 


موي دو o‏ وهو و Wen‏ مهد د + د Ve‏ 2 ہے JU ub‏ ېو مه رت نوج te S) m‏ مت جج کک ہے ومی په و idis‏ ے جں TA‏ پر addi‏ 4چ 


DESDE CUANDO SE SIENTE ENFERMO.............. 


¿TUVO CONTACTO CON PERSONAS QUE TIENEN EXAMEN DE COVID 19 POSITIVO». 42 
NOMBRE DE ESA PERSO 


NA مه‎ aree سم‎ 


USTED SE HA HECHO EXAMEN DE ہجوز( وع‎ 
SEÑALE QUE TIENE: 

FIEBRE: 

ESCALOFRIOS: E 

DOLOR MUSCULAR: ;^ 

DOLOR HUESOS: ۱ 

DOLOR DE CABEZA: 

DOLOR EN PECHO AL RESPIRAR. 
DIFICULTAD PARA RESPIRAR: 
VOMITO: 

DIARREA: 

DOLOR DE GARGANTA; F” 
ARDOR DE GARGANTA: + ! 
NO SIENTE LOS SABORES DE COMIDAS? 
NO SIENTE LOS OLORES. ..- 


۱ f. ۱ يږ‎ I ری‎ f x 
OTRO SINTOMA: ویو ود کو رم‎ seats 


Yo erry hir Beda. 


وو وو ووا her‏ وو وه ey A re ram MARTEM‏ مسا چو له می چي VII‏ ووو هرمو OE‏ و COR O here‏ بی ډو arae‏ شا یې ومون 1 


autorizo recibir tratamiento con CDS Y 
MMS para tratamiento y prevención de COVID 15, el rismo que tendrá lugar en mi 
domicilia, y será monitoreado nor AEMERA: 


"il. 






FIRMA ee 


سے 
دد مد own...‏ 9" ہوجو په ډه 4 ٢-٣٢۵‏ .یي ^ Pilotes g‏ هدن وج مه وپور ra Fo eee SA¬‏ ہے ہے ہے ume ""- BÓ aw‏ ہو وام سم د سوه 
y Lon‏ 1" 
d + y‏ 7 
و 0 d‏ و A‏ می 
تہ ره bane SRE RAE ma a a c‏ مو pm‏ یہ کے تمص AE‏ سه aco lb‏ چا داخ رم i ۹ v.‏ 
Sea.‏ 


wea‏ د A ex‏ ری ید CODO‏ ہے پروي A‏ ,وور deter‏ د سو اا 


/ 


E : tt y e IB 2 
: ef ^ It "ug m E E ور ر‎ 
y Tos Slut à COE M OTI E ae ۶ one REE uei 
oct i LM d ؟ٍ لد پو و / : 2 ۴ رر وم‎ ^ 
B A t * es ia ۰ a Ln م‎ T 
د ني‎ a aw oo ېړ‎ er 


Gob 


سم 
تسم 
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ASUCLACION ECUATORIANA OE MÉDICOS EXPERTS EN 
METICINA INTEGRATIVA 
VI NC edo Nimisterial ia 047 


ATA 
AA T YET sa Hals eb] زو و‎ 


: 
; MY 
EA Ir IT NIIS EET à و و و‎ a سپ خش‎ .c 
! ستا۱‎ CEOS اي ہچ ہیی‎ bee oi! ville d& fue AC 
لها‎ a x 
Pes A 


t 4 d 
i At 3 : 
o d 
ACURA MATARO DEL MBE Mo DISP C 
کے 2097 من‎ 


ELTRATAAMIENTO ES TOTALMENTE GRATUITO — NA 





ASOCIACION ECUATORIANA DE MEDICOS EXPERTOS EN 
INTEGRATIVA TRABAJO DE INVESTIGACION 





و همم چم مس l E mo.‏ 

Prueba COVID-19 SI....... .ن0‎ Fecha DE SINTOMAS INICIO نا‎ C diu 

| mE ^, dotes ے‎ = 0 
PSCS). NO .. No DE MIENBROS ... TOMAN (ÓS X CONTACTO FAMILIAR + area? 5 ias 
Yo. A ec... con Cedula de identidad. LX. MESS? dey Patios de 

edad, una vez que se nos ha sociabilizado las bondades del MMS y del CDS "gas dióxido 
de cloro" como tratamiento para COVID-19 Explicado por los Doctores Mauricio 
Quifionez y Or. Roberto García indicado el protocolo F, cada 15 min tomas 8 de 20 
gotas según respuesta y se pasara al protocolo C, 20 gotas cada hora. Se aplicará 
tratamiento de Medicina integrativa. 





Numero de posibles contactos... Firma de consentimiento... 
Fidar 
Sintomas antes del | Síntomas 1 día del | Síntomas 2 día del | Síntomas 3 dia del | Síntomas 4 día del 
tratamiento tratamiefito tratamiento tratamiento tratamiento 
Fiebre | A 71 | 
Escalofrio | p ہر‎ | 
Dolor Muscular A 


f | 4 
۰ | zt. 
Tos seca A E p 


Tosseca — 
Dolor de cabeza ee. | 
Dificultad al respirar | 
| Vómitos 
Diarreas WF | بر مه‎ 
Dolor de Garganta P Ad "dm 
Perdida olfato ۱ v | 3 
Perdida sabores i 2^4. 7 | 
Falta de apetito ۱ i’ ۱ d 
Observación del paciente al tratamiento: 


e E! rr A 5 { i are ۳ - A ۳ 4! / 
& EET Y : me P ٨ ای‎ "det A 3 
و شر رج سد‎ RS cic ج وه وم دم ې : ھ‎ - 


RAFA MAIL و‎ ras رھ در‎ Ker بو‎ ara 











7 


۱ DS وښ وا ےھر تج ود وود‎ ¿ha 
—— HE. ۱ ہے ہر سم‎ t. RE OU IRIS! prurito. Cuomo. 
on db 0 Jue sam guion duae 2 رو ۱ سو کت‎ A 
We ا‎ t com = c ۲ ات ونت ننس‎ NR 
Dr. Mauricio Quinonez ۱ Dr. RobertorGardlagcicnj لد‎ 
PN Í Miedo us 


cac LUUD 

۱ . 
\ | ۱ ! 

: d 4 . P. ! : ۱ : 

Wo کټ اخ‎ E E حم سے‎ Lf ۷ 7 m 


Los 


E : i‏ ; نا 


(ar a 


ee M 7 10‏ لن 4 ES‏ سے بر ww‏ دا 
Vocal. MEM 3 c: d i‏ 7 و 2 Presidente AEMEMI 1 tm‏ 
| 





م خر یت کت تا 
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FE GRATUITO 


> EXPERTOS EN الله‎ A, ۱ 
INVESTIGACION 


JADOR Dr. ROBERTO GARCIA 
ee TEU EO d (eis god 


untaric GRUPO SANGUINEO VA Ra 7 


iron.‏ مړ هر پا 
Prueba COMIDAS Shaw. (NO)... Fecha DE SINTOMAS NICO ed - 297‏ 


او ات 
DE MIENBROS/C OroMAN Gos) CONTACTO FAMILAR LL OCA‏ وز .. Trg, Eus 5 M. NO‏ 


i 
A ec A a ux 
De Poet a m5] رو فک‎ a A 2 


A45... 0n Cedula de identidad 346 01.36. - de.) años de 


۲ MMS y del C DS "gas dióxido 
"dos Doctores Mau ہہ‎ 

cada 13 min tomas a de 2 

¿0 gotas cada hora $e aplica 





f 7 
"PEL ¢ o 


MINOREM vol 


C > 


f. Roberto Garcia indicada gl Protocolo E, 


respuesta Y $e pasara al protocolo C. 
tratamiento de Medicina i infegrativa. 


m 0 


Numero de posibles “COS... Cima dê tors: sentimiento .. 


وور ډو 99 


ENES tes del | 1‏ سسجت 





| Síntomas i din dat | ج5‎ ; Sintamas a die del 7 ات‎ 1580۳۸3 
۱ سس‎ atamiento | 





Po همو‎ -aya 





x1 
3 بات‎ dei lei | Sintom;s به‎ vifa iem | 
‘ ۳۹ - 7 ! i 
, elements Venen ۱ rati 
ae re سو — بنج‎ a MENGE Gon eee vatem Ec DE ی‎ ch Minen ہے‎ ara اہ‎ 
| Fiebre j ۱ | 
E O A ee amea da ې‎ TOO a سوه وعہ مه‎ qam. پوت سح‎ MP rete an. Ea mr مه‎ ies ie مع‎ en d وم ہے‎ Y ee ae, Mates P RN 
 Escelofrio 
` or Muscular سس‎ e رنه ایدو‎ Teen = === 
“Dolor Gr Niuscula: P . 8 | E i P i 
Fe Tos Beca ۱۳ UM enc D LO y estt AAA بے‎ ae Exo INT MURS E یم‎ SEEN" سه وه‎ RE c v2 
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12 Abstract 


13 . The need for safe and effective antiviral treatments is pressing, particularly given the number of 
14 viral infections that are prevalent in animal and human populations, often causing devastating 

15 economic losses and mortality. In the context of the current coronavirus pandemic, which has 

16 highlighted how devastating the effects of a virus can be on a naive population, it is imperative to 
17 have rigorous and unbiased data on the efficacy and safety of potential antiviral treatments, 

18 particularly those that have demonstrated virucidal effects as a disinfectant, are being considered 
19 for use despite warnings on their potential toxicity, but no not have empirical evidence of their 

20 antiviral effect in vivo. Here, we tested the effect of chlorine dioxide (ClO2) on chick embryos 

21 infected with avian infectious bronchitis coronavirus (IBV). We determined virus-induced mortality 
22 on 10-03۷ old embryos inoculated with 10* mean ElDso/mL of attenuated Massachusetts and 

23 Connecticut IBV strains. We determined viral titres using RT-qPCR and conducted histopathological 
24 examination of various tissues and organs. Viral titres were 2.4-fold lower and mortality was 

25 reduced by half in infected embryos that were treated with CIO». Infection led to developmental 
26 abnormalities regardless of treatment. Lesions typical of IBV infections were observed in all 

27 inoculated embryos, but severity tended to be lower in ClO2-treated embryos. We found no gross 
28 or microscopic evidence of toxicity caused by CIO; at the doses used herein. Our study shows that 
29 CIO: could be a safe and viable option for controlling avian coronavirus, and raises the possibility 


30 that similar effects could be observed in other organisms. 
31 Keywords 


32 Chlorine dioxide, CIO», coronavirus, IBV, antiviral, chick embryo 
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33 Introduction 


34 Since its start in January 2020, the COVID19 outbreak quickly reached pandemic proportions with 
35 . asteeprise in mortality and mounting pressure on health services worldwide, as well as marked 
36 damage to the economy (Duan et al., 2020; Nicola et al., 2020). The pandemic has evidenced that 
37 our available repertoire of antiviral drugs is insufficient. Existing antiviral [remdesivir (Wang et al., 
38 2020) and lopinavir/ritonavir (Kim et al., 2020; Lim et al., 2020)], anti-inflammatory 

39 [dexamethasone (Villar et al., 2020)], and immunomodulatory drugs [chloroquine (Borba et al., 

40 = 2020), hydroxychloroquine (Meo et al., 2020; Sinha and Balayla, 2020), and ivermectin (Caly et al., 
41 2020; Heidary and Gharebaghi, 2020)], have been proposed as treatment following clinical trials. 
42 However, except for dexamethasone, none of these drugs are currently recommended by the 

43 World Health Organization to treat COVID19 patients other than outside the context of clinical 

44 trials due to serious side effects (WHO, 2020). Despite this recommendation, remdesivir has 

45 already been approved in some countries for emergency use in patients with severe COVID19 

46 symptoms, as it decreases the duration of hospitalization and shows a modest reduction of 

47 mortality rates in severely afflicted patients (Beigel et al., 2020). However, given that this drug 

48 costs 2,430 USD per treatment’, it is unlikely to be a sustainable option for developing countries, 
49 such as those in Latin America, where the number of new COVID19 cases continues to grow 

50 steadily. With nearly 38 million confirmed infections worldwide and more than one million deaths 
51 atthe time of writing this paper, the need for effective and safe options to treat COVID19 patients 


52 is urgent. 


53 The surge in COVID19 cases and the lack of effective treatments have led to a growing number of 


54 informal reports and testimonials across social networks regarding the oral and intravenous use of 


1 https://www.gilead.com/news-and-press/press-room/press-releases/2020/6/an-open-letter-from-daniel- 
oday-chairman--ceo-gilead-sciences 
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55 X chlorine dioxide (ClO2) solution as an efficacious treatment of COVID19. In an unprecedented 

56 move, the Senate of Bolivia authorized the extraordinary use of CIO; to “manufacture, sell, supply 
57 and use ClO; to prevent and treat COVID19" (law PL N° 219/2019-2020 CS approved 15 July 2020). 
58 This situation has sparked concern from health agencies of various countries regarding the 

59 potential toxicity of using this disinfectant as a treatment, given that CIO, has strong oxidative 

60 properties. Chlorine dioxide, a gas that is highly soluble in water, has been known since 1946 for 
61 its broad antimicrobial properties (Sigstam et al., 2014), for which it is commonly used to purify 
62 water for human consumption, decontaminate produce and other food items (López-Gálvez et al., 
63 2018), and disinfect surgical instruments (Doona et al., 2014). According to the Food and Drug 

64 Administration (FDA) of the US, consuming CIO; can lead to adverse effects such as 'vomiting, 

65 diarrhoea, dehydration, abdominal pain, metahemaglobinemia and systemic failures that could 
66 potentially lead to death'. However, an impartial review of the scientific peer-reviewed literature 
67 reveals few case reports of human patients presenting adverse effects after consumption of ClO,, 
68 none of which were fatal, and in all cases reversed completely after — (Kishan, 2009; 

69 Bathina et al., 2013; Romanovsky et al., 2013; Loh and Shafi, 2014). Published studies on CIO; 

70 toxicity have reported null to mild effects in adult humans and other animals (e.g. Lubbers et al., 
71 1982; Akamatsu et al., 2012; Ma et al., 2017) and have stressed that toxicity is strongly dose- 
72 dependent (Bercz et al., 1982; Hose et al., 1989; Ma et al., 2017). Interestingly, despite the voiced 
73 concerns, there are two drugs based on acidified sodium chloride (a precursor for generation of 
74 . CIO; named NPOO1 and WF10) that have been used eno humans to treat diverse 

75 conditions, including diabetic foot ulcer and amyotrophic lateral sclerosis (ALS), without reporting 
76 . adverse reactions (Yingsakmongkol et al., 2011; Yingsakmongkol, 2013; Miller et al., 2015; 


77 . Maraprygsavan et al., 2016). 
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The virucidal effect of CIO, when used as a disinfectant of water and hard surfaces is well 
documented. Specifically, there is evidence of virucidal activity against echovirus (Zhong et al., 
2017), enterovirus (Jin et al., 2013), poliovirus (Simonet and Gantzer, 2006), rotavirus (Chen and 
Vaughn, 1990), norovirus (Lim et al., 2010; Montazeri et al., 2017), calicivirus (Montazeri et al., 
2017), and coronavirus (Wang et al., 2005). However, to date, there are few publications that 
explore potential antiviral effects in vitro and in vivo. One of the few studies available found that 
mice that were exposed to influenza A virus in an environment that contained aerosolized CIO; 
had significantly lower mortality than mice that were solely exposed to Influenza A virus (Ogata 
and Shibata, 2008). The authors reported that the antiviral! effect was due to denaturation of 
hemaglutinin and neuraminidase glicoproteins, a finding that concurs with previous studies that 
explain the virucidal mechanism of action of CIO- due to oxidation of amino acid residues that are 
key for cell entry (Noss and Olivieri, 1985; Ison et al., 2006; Stewart et al., 2008). More recently, 
the antiviral mechanism of action of CIO, was investigated in vitro using pig alveolar macrophages 
and MARC-145 cells exposed to the porcine reproductive and respiratory syndrome virus 
(PRRSV1), finding that the chemical also inhibits the synthesis of pro-inflammatory molecules that 
contribute to the pathogenesis of this disease (Zhu et al., 2019). The authors concluded that viral 
synthesis of RNA and proteins was impeded by ClO,, leading to a reduction in viral replication. 
Despite these studies, to date there has been no published report of an in vivo assessment of the 
antiviral effect of 0102, Here, we have investigated the effect of a CIO, solution in 10-day old chick 
embryos inoculated with attenuated avian infectious bronchitis coronavirus (IBV) Massachusetts 
and Connecticut vaccine strains, which are pathogenic for birds during their embryonic stages of 


development (Tsai et al., 2016). 


Methods 


Chick embryo inoculation 
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We used 30 10-day old SPF RossxRoss chick embryos [Pilgrim Mexico) incubated at 38°C and 65- 
70% humidity (Guy, 2015). Embryos were placed at random within the incubator to avoid any 
slight variation in humidity and temperature that could affect results. Prior to starting the 
experiment, all embryos were candled to ensure their viability, and were examined daily to search 
for evidence of death (presence of blood ring or lack of visible eggshell membrane blood vessels). 
Five chick embryos were assigned to each of the six experimental groups and treated accordingly 
(see Table 1). In all cases, embryos were inoculated via the chorioallanotic sac, as recommended 
for avian coronavirus replication (Jordan and Nassar, 1973; Escorcia et al., 2002). Before 
inoculation, the eggshell was disinfected with 7096 ethanol and 3.596 iodine (Guy, 2015). Using the 
tip of sterile scissors, a hole was drilled in the eggshell over a 1 cm? transparent tape film and a 
sterile 1ml syringe with a 28-g 5/16" needle was used to administer the treatment directly into the 
allantoic cavity as indicated in Table 1. All procedures were carried out aseptically. After 
inoculation, the drilled hole was sealed with a drop of glue and the embryo was returned to the 
incubator. Inoculation of every embryo was performed by a single person to ensure experimental 
variation was kept at a minimum. Embryos were candled daily to determine mortality. As there 
was no death recorded within the first 24 h post-inoculation, none of the embryos were discarded 


from the experiment. 


Macroscopic examination 


Seven days after inoculation, embryos were sacrificed according to the American Veterinary 
Medical Association guidelines on humane treatment and euthanasia of chick embryos over 13 
days of age (AVMA 2020). The embryos were placed at 4 *C for 4 h to ensure blood coagulation 


and avoid contamination of the allantoic fluid (Guy, 2015). Next, each egg was placed on a firm 


2 


102 


103 


104 


105 


106 


107 


108 


109 


110 


111 


112 


113 


114 


115 


116 


117 


118 


119 


120 


121 


122 


123 


124 


DIOHXIV preprint dot: nttps://dol.org/1 U.1101/2U2U.10.13.336/68. this version posted October 14, 2020. Ihe copyright holder for this 0۲6۵۳۱۳۵۳] S AV 1 7C 


(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license. 


surface with the air chamber facing upwards. The eggshell over the air chamber was disinfected 
with 7096 ethanol and 3.596 iodine (Guy, 2015) and using sterile scissors, the eggshell and 
chorioallantoic membrane were removed to expose the allanotic fluid. A sterile pipette was used 
to aspirate 750 ul of the fluid and transfer it to a sterile cryovial before storage at -70 °C. Next, the 
embryo was removed from the eggshell using sterile dissection forceps and placed in a sterile Petri 


dish to be photographed. 


Each embryo was cleaned with distilled water to remove any remaining albumin, vitellus and 
amniotic fluid before its mass was determined with a precision scale (+0.1 mg). Embryonic axis 
length was measured with digital callipers (+ 0.1 cm). After decapitation with a sterile scalpel 
blade, each embryo was examined for macroscopic lesions typically caused by avian coronavirus, 
such as cutaneous haemorrhages, stunting, curving, urate deposits in the kidney and feather 
alterations (Escorcia et al., 2002; Alexander D.J. and D.A. Senne, 2008). Chick embryos were 
considered to have died during the experiment when there was evidence of disconnected or 
detached blood vessels of the chorioallantoic membrane or their organs exhibited imbibition of 
haemoglobin. Further evidence of mortality was determined by examining the presence of 


autolysis at microscopic examination. 


For each chick embryo, both femurs were dissected and their length was determined and 
averaged with a digital calliper as a surrogate measure of chick development. We collected 
samples of all organs and tissues, including those known to be affected by the Massachusetts and 
Connecticut strains of avian coronavirus, namely trachea, lung, proventricle, duodenum, liver, 
kidneys and the Bursa of Fabricius (Escorcia et al., 2002; Cavanagh, 2003, 2007; Tsai et al., 2016), 
and those reportedly affected by exposure to ClO2, namely thyroid (Bercz et al., 1982; Harrington 


et al., 1986), thymus, spleen and bone marrow (EPA, 2000). 
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Microscopic examination 


Samples were cut longitudinally at their mid-section and immersed in 1096 buffered formalin, pH 
7.4. Fixed samples were paraffin-embedded and sectioned at 3 um with a microtome before being 
stained with haematoxylin-eosin for microscopic examination. The slides were observed under the 


microscope at 40× and 100X. 


To assess haematopoietic status, bone marrow preparations were used for a 200-cell differential 
count to classify the marrow precursors and to determine the myeloid:erythroid (M/E) ratio for 
each embryo. This ratio was obtained by dividing the sum of all the granulocytic cells by the sum of 


all the erythrocytic cells (Schalm and Jain, 1986). 


Virus quantitation by RT-qPCR 


The virus was quantified in the allantoid fluid with an RT-qPCR protocol (Naguib et al., 2017). 
Briefly, RNA was extracted by adding 700 uL of Trizol (Invitrogen) to 500 uL of each sample. The 
sample was incubated for 10 min at ambient temperature. Next, 200 uL of chloroform were 
added, mixed by inversion, and centrifuged at 12,000 g for 10 min at 4 *C. The aqueous phase was 
transferred to a sterile microtube, and 500 uL of isopropanol were added. The sample was 
centrifuged at 12,000 g for 10 min at 4 *C prior to decanting the supernatant. The pellet was 
washed with 500 uL of cold 70% ethanol, centrifuged at 7,500 g for 5 min at 4 °C and the 
supernatant was removed completely. The dry pellet was resuspended in 12 uL of nuclease-free 
water and centrifuged at 7,500 g for 1 min at 4 *C. Quantity and quality of the extracted RNA was 
examined in a Nanodrop (Qiagen) spectrophotometer and all samples were diluted to 35 ng/mL 


RNA before retrotranscription. 


CDNA synthesis was performed with oligo dT and MLV reversotranscriptase (Invitrogen)according 


to the manufacturer's instructions. Briefly, we used 8 uL of RNA, 1 uL of Oligo DT (50 ng/uL), 1 uL of 
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171 10 mM dNTP and 2 ul of nuclease-free H20. The reactions were incubated at 65 °C for 5 min and 
172 placed on ice for 1 min. Seven uL of the kits cDNA synthesis mix, which contains 4 uL 5X First-Strand 
173 | Buffer, 2 uL 0.1 M DTT and 1 uL RNAse and DNAse free H20, were added prior to mixing by pipetting 
174  andincubating at ambient temperature (~25 °C) for 2 min. We added 1 uL pf SuperScript II RT, mixed 
175 by pipetting and incubated at ambient temperature for 10 min. The reactions were incubated at 42 


:176 °C for 50 min and inactivated at 70 °C for 15 min. All cDNA samples were stored at -20°C until used. 


177 A100 bp fragment of the avian coronavirus N gene was amplified using primers IBV-pan FW-1 (5'- 
178 CAG TCC CDG ATG CNT GGT A) and IBV-pan RV (5'-CC TTW SCA GMA ACM CAC ACT) (Naguib etal., 
179 2017). Quantitation was done with SYBR Green qPCR (Qiagen) in a real-time thermal cycler (CFX 
180 connect, Biorad) under the following protocol: 45 *C for 10 min, initial denaturation at 95 *C for 10 
181 min and 35 cycles of 95 °C for 15 s, 52 °C for 15 s, and 68 °C for 30 s, with a final extension step at 
182  68“Cfor 10 min. We used a cDNA sample extracted from 500 pL of the vaccine as a positive control 
183 (the vaccine contained 10^ mean embryo infective dose (ElDso)/mL of coronavirus strains 
184 Massachusetts and Connecticut). A linear regression was used to calculate the correlation 
185 coefficient (R^ = 0.99) and the slope value (b = -5.062) of the RNA copy number and Cq values using 
186 a 10-fold dilution of the vaccine (10* to 10*; see standard curve in Supplementary material). The 
187 number of viral RNA copies (hereafter viral load) was determined by comparing the Cq against this 
188 standard curve (Naguib et al., 2017). All cDNA samples were diluted 1:10 prior to running the qPCR 


189 assays. 


190 Statistical analyses 


191 Contingency tables were built to investigate differences in the number of dead vs. live chick 
192 embryos between experimental groups. The relative risk of developing virus-related lesions 


193 between treated and un-treated embryos was calculated using Fisher exact tests to estimate 
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significance. Body mass, morphometrics, viral load, and lesion severity were compared among 
groups by one-way ANOVA and post-hoc Tukey HSD tests. All analyses were performed in R 
version 3.6.3 (R Core Team, 2016). Contingency tables, Fisher exact p-values and odds ratios were 


calculated with R package Epitools version 0.5-10.1. 


Bioethics statement 


This study was carried out in compliance with the American Veterinary Medical Association 
(AVMA) guide for humane treatment of chick embryos and approved by the Autonomous 


University of Queretaro Research Ethics Committee. 


Results 


Avian coronavirus RNA was detected in all of the embryos that were inoculated with the vaccine 
(n=15, in all cases Cq «40). The viral load varied significantly between treatments (ANOVA; 
F21274.421, p=0.036; Fig. 1), being 2.4 times higher in the untreated embryos. The average viral 
load of ClO2-treated chicks was 10^?/mL, range: 10766-107۹7 and of untreated chicks was 
10*5*/mL, range: 10*?^ — 107%, respectively (Tukey HSD, Group E vs. F, p = 0.03). There were no 


differences in the viral load between both ClO,-treated groups (p>0.05). 


Embryo mortality varied among groups (Fig. 2) and differed significantly between virus-inoculated 
and virus-free embryos (Pearson's Chi? = 7.78; p = 0.004), reaching 80 96 (4/5) of mortality in the 
viral control group (Group F). In the groups that contained viral-inoculated embryos treated with 
ClO2, 1/5 (20 96) of the infected embryos in the low dosage group (Group D) and 2/5 (40 96) of the 


infected embryos in the high dosage group (Group E) died. In the groups that were not infected 
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with the virus, there was only one death observed, in the group that received the high dosage of 


CIO: (Group C). 


Body mass, embryonic axis length and femur length differed between the virus-inoculated and 
virus free-groups, regardless of CIO: treatment. All of the virus-inoculated embryos exhibited 
dwarfing and had, on average, 38% lower mass (t = 21.15, df = 29.40, p = 2.2 x 105; Fig. 3A), 10% 
shorter axis length (t = 58.43, df = 29.26, p = 2.2 x 1075; Fig. 3B), and 2096 shorter femur length (t = 
8.49, df = 23.34, p= 1.4 x 10°; Fig 3C) than the virus-free groups. When analysing growth in the 
virus-inoculated groups, mass was significantly higher in embryos that were treated with CIO, (t = - 
2.74, df = 12.98, p = 0.017). Body length of virus-inoculated chicks did not vary according to CIO; 


treatment (p » 0.1). See supplementary material for photographs of the embryos. 


Lesions previously described in embryos infected with avian coronavirus were observed at post 
mortem examination. Namely, curling, the presence of white caseous material (urates), thickened 
amnion and allantoic membranes that adhered to the embryos, oedematous serous membranes, 
epidermal congestion, and subcutaneous haemorrhage (Table 2). Virus-inoculated embryos that 
were treated with CIO; had a lower risk of epidermal congestion (RR = 0.4; Wald 95% CI: 0.187- 
0.855; p = 0.04), haemorrhage (RR = 0.1; Wald 95% CI: 0.016 - 0.642; p = 0.002), curling (RR = 
0.019; Wald 95% CI: 0.125 - 0.844; p = 0.017) and thickened membranes (RR = 0; p = 0.003) than 
untreated infected embryos. All the embryos had a pale liver and mildly congested lungs, 
regardless of their experimental group. Pale enlarged kidneys were observed in the virus- 


inoculated groups but not in the virus-free groups, regardless of ClO2-treatment (see Table 2). 


Microscopic lesions compatible with avian IBV infection were observed in various organs in all 
virus-inoculated groups (Fig. 4). The severity of the lesions was either similar or slightly lower in 


the embryos that had been treated with CIO; than in the embryos that did not receive any 
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treatment (Table 3). Two exceptions were the kidneys and the duodenum. In the kidneys, swelling 
and degeneration of renal tubular epithelium was more common and more severe in the infected 
chicks that were administered CIO» than in the infected embryos that did not receive ClO», 
although the former presented mitotic cells. The duodenal villi of the embryos in the IBV-infected 
groups were longer (ANOVA; Fs 18 = 5.62, p = 0.003), and their base was wider (ANOVA; Fs 18 = 
13.65, p = 1.39 x 10) than embryos from the none-infected groups, and they were moderately 
congested. Duodenal villous atrophy varied amongst groups (ANOVA; Fs 18 = 5.71, p = 0.003) and 
post-hoc comparisons revealed that the significant differences were E vs. B (p = 0.021) and E vs. C 
(p - 0.001). The percent of bursal lymphoid tissue decreased markedly in the virus-inoculated 
embryos (ANOVA; Fs,» = 3.58, p = 0.033; see Fig. 4). Virus-inoculated embryos showed mild 
apoptosis in the thymus and heterophilic infiltration. Amongst the six experimental groups, all of 
the embryos examined presented subacute heterophilic bursitis, and pulmonary interstitial 


multifocal heterophilic foci with congestion (Table 3). 


There were no observable alterations to the architecture and integrity of the tissues of non- 
infected embryos that were administered CIO» (Experimental groups B and C), nor was abs 
difference in the area (um?) of the thyroid (p>0.1). ClO;-treated groups showed a slightly higher 
myeloid to erythroid ratio in the bone marrow than the experimental control group and the viral 
control group, although the difference was not statistically significant (ANOVA; Fs 15 = 2.33, p = 


0.094). 
Discussion 


The use of chlorine dioxide (ClO2) as a disinfectant is well established, and its virucidal effects are 
reported against a wide range of enveloped and non-enveloped viruses that can affect human and 


domestic animal health. To date, its informal use as an antiviral drug is polemical, and there are no 
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published studies that have explored the antiviral action of this substance following oral or 
parenteral administration. We have investigated the antiviral effect of 30 ppm and 300 ppm CIO; 
solutions (both concentrations below the reported NOAEL; Bercz et al., 1982) in chick embryos 
infected with avian infectious bronchitis coronavirus (IBV) strains. We observed a reduction in viral 
titre in infected embryos that were treated with CIO». Mortality decreased substantially in the 
ClO2-treated embryos, although alterations to chick development were prevalent regardless of 


treatment. 


Virulent avian IBV strains typically have a burst size of 10 to 100 infective units per cell (Robb and 


Bond, 1979), which appear in culture within six hours and can reach peak virus titres of 1095—10*^ 


TCIDso after 36 hours (Otsuki et al., 1979). The vaccine strains used here have lower replication 


efficiencies as they are attenuated (Tsai et al., 2020), but they are capable of replicating and 
causing damage in chick embryos (Tsai et al., 2016). With 2,000 infective units (200 ul of 10° 
infective units/mL) inoculated into each embryo, the CIO, treatments decreased viral load 2.4-fold 
compared to the infected non-treated embryos, representing an average difference of 42,711 
infective units. This result could be explained by two mechanisms described for CIO;. Firstly, direct 
destruction or neutralization of the virions exposed to CIO», could have occurred due to 
denaturing of their envelope glycoproteins following oxidation of amino acid residues(Noss and 
Olivieri, 1985; Ison et al., 2006; Ogata and Shibata, 2008). Secondly, viral replication efficiency 
could have decreased due to ClO;-induced biochemical changes in the extra- or intracellular 
milieu impeding the synthesis of viral RNA and proteins (see Enjuanes et al., 2006; Zhu et al., 


2019). These proposed mechanisms of action are not mutually exclusive. 


The effects of reduced viral titres in the infected embryos were evident, with a 50 to 75% 
reduction in mortality in the treated embryos treated with 300 ppm and 30 ppm of CIO», 


respectively. However, developmental abnormalities were observed in the majority of the infected 
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embryos, including the groups that received CIO» treatment. Namely, dwarfing, assessed by body 
mass, axis length, and femur length were significantly lower in all infected embryos, as expected to 
occur in IBV infections (Balasubramaniam et al., 2013). In contrast, curling — also caused by avian 
IBV (Wickramasinghe et al., 2011; Mork et al., 2014) — was virtually absent in the embryos that 
received CIO; after infection. Alterations associated con IBV infection were observed in the 
proventriculus, spleen, liver, but specifically in kidneys, trachea and lung. (Butcher et al., 1990; 
Cook et al., 2012) were observed in most of the infected embryos, including those that were 
administered ClO2. However, for most of these abnormalities, severity was lower or similar in the 
CIO;-treated groups. One exception was the pathology observed in the kidneys, where lesions 
indicative of nephrosis were more severe and frequent in the IBV-infected embryos treated with 
CIO, than in the IBV-infected non-treated embryos. Such lesions in the kidneys are unlikely to be 
due to the CIO? treatment itself, given that none of the non-infected embryos that were 
administered CIO? showed any abnormality in the kidneys. Similarly, atrophy of the duodenal villi 
was highest in the inoculated group that was administered a high dose of رد010‎ but absent in the 
non-infected groups that only received CIO;. If duodenal atrophy and nephropathogenicity in IBV- 
infected embryos are mitigated by inflammatory responses (Chhabra et al., 2018), it is possible 
that the observed tubular damage reflected ClO2-driven downregulation of acute inflammation 
that allowed virion replication in the tubular epithelium and in the duodenal villi. This scenario 
could be plausible if we consider that a recent study that investigated the antiviral effect of CIO, in 
pig alveolar macrophages and African green monkey kidney cells infected with the porcine 
reproductive and respiratory syndrome virus (PRRSV1) in vitro, reported downregulation of pro- 
inflammatory cytokines IL-1, IL-6 and TNF-a (Zhu et al., 2019). The drug NPOO1 (a chemical 
precursor of ClO2) exerts strong anti-inflammatory responses by inhibiting macrophage activation 


in humans, even after a single dose (Miller et al., 2014). In turn, WF10, a strong oxidizing agent 
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that is related to CIO; (Veerasarn et al., 2004), induces apoptosis of inflammatory cells and 
downregulates pro-inflammatory genes (Giese et al., 2004; Yingsakmongkol et al., 2011). 
Interestingly, the affected renal tubules had mitotic cells, suggestive of regeneration as a 
reparative response to damage of the renal tubular epithelium (Toback, 1992; Fujigaki, 2012; 
Lombardi et al., 2016). This possibility will need to be explored further in the animal model used in 
our study. Unfortunately, knowledge of IBV pathogenesis, immune responses and tissue 
reparation in the embryonated egg is limited. In hatched birds, IBV can impact lymphocyte 
populations by inducing apoptosis, thus impeding virus clearance (Caron, 2010). We found some 
evidence of this effect, as the virus-inoculated embryos had a reduced percent of bursal lymphoid 


tissue. 


Taken together, our results indicate that CIO; limited viral replication but as the embryos were 
only administered a single dose of a CIO; solution rather than repeated doses, not all virions were 
eliminated. The viruses that remained viable after administration of the ClO2 were able to 
replicate, yielding lower viral titres, and the damage that they caused to the embryos was less 
severe and ultimately led to less mortality than in the untreated infected embryos. Repeated 
administrations of CIO; solution might have reduced the viral load further, plausibly leading to 
even less virus-induced damage, a possibility that we could not explore in this model. However, an 
important result of our study was the lack of evidence of tissue damage caused by CIO; itself. Only 
one (20%) of the uninfected embryos treated with the high dose of CIO) died, and this difference 
was not statistically significant to the experimental control. It is possible that the death was due to 
other causes, as a 20% embryo mortality rate is considered normal in aviculture (Romanoff, 1972; 


Fasenko & O'Dea, 2008). 


Further studies should aim to test the antiviral effect of CIO, in hatched chicks, which have a more 


mature immune system, and where repeated administrations are easier to procure. However, it is 
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promising that we found an evident effect against IBV without any significant adverse effect or 
evidence of toxicity to the chick embryos. Much research needs to be done before it is possible to 
generalize and extrapolate our findings to other viruses and Sind hosts. However, in the context 
of the current COVID-19 crisis, with near to none viable, accessible and safe therapeutic option 
available, it might be prudent to consider conducting controlled double-blind and randomized 


studies on the antiviral effect of CIO, in COVID-19 patients. 
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Figure 1. Virus RNA copy number in the allantoic fluid of the infected embryos per treatment group. Virus 


copy number was calculated by the geometric mean of the triplicate Cq value referred to the standard curve 
(see methods). Experimental groups D to F contained virus-inoculated embryos (D: Low dose of CIO,, E: High 


dose of ClO,, F. Viral control). For details on treatments, see Table 1. 
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Figure 2. Chick embryo mortality during the experiment. Experimental groups A to C contained virus-free 
embryos (A: Experimental control, B: Low dose of CIO;, C: High dose of ClO2); experimental groups D to ۴ 
contained virus-inoculated embryos (D: Low dose of ClO2, E: High dose of CIO,, F. Viral control). For details 


on treatments, see Table 1. 
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Figure 3. Chick embryo development at the end of the experiment (day 17 of incubation). A) mass, B) body 
axis, C) femur length. Experimental groups A to C contained virus-free embryos (A: Experimental control, 
B: Low dose of CIO»2, C: High dose of ClO2); experimental groups D to F contained virus-inoculated embryos 


(D: Low dose of CIO», E: High dose of CIO), F. Viral control). For details on treatments, see Table 1. 
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Figure 4. Histology of selected tissues from 17-day-old chick embryos. In each row, microphotograph pairs 
show H&E-stained representative tissues of non-infected (left) and infected embryos (right), A) Bursa of 
Fabricio (100X). Infected embryos showed severe lymphoid depletion, with approximately 1096 of active 
Iymphoid tissue and abundant heterophils. B) Bone marrow (400 X). Infected embryos showed an increase 
in erythroid cellularity ne, C) Spleen (400 X), Infected embryos showed reticuloendothelial hyperplasia, D) 
Duodenum (400 X). Infected embryos showed mild villous atrophy, E) Proventricle (40X). Infected embryos 
showed epithelial hyperplasia with desquamation and hyaline material, F) Proventricle (400X). Image 


shows the increased length of the proventricular folds and mitotic cells indicative of epithelial 
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regeneration, G) Kidney (400X). Infected embryos showed swelling, cell detritus and protein within the 
tubules, and basophilic material compatible with urate crystals, H) Liver (400X). Infected embryos showed 
glucogenic degeneration, I) Trachea (400X). Infected embryos showed hyperplasia and epithelial 


degeneration. Scale = 50 um in all panels except for E (scale = 500 um). 
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Table 1. Experimental groups used to assess the in vivo antiviral effect of high and low 
concentrations of ClO2 solution in chick embryos. The table shows the number of embryos 


included in each group. (LD: Low dose, HD: High dose) 


Group N Treatment 
Group A (Experimental control) 5 200 ul of sterile 0.996 saline solution 
Group B (CIO, LD) 5 100 ul of sterile CIO» solution (30 ppm’) and 100 ul of 


sterile 0.996 saline solution 

Group C (CIO; HD) 5 100 ul of sterile CIO; solution (300 ppm?) and 100 ul 
of sterile 0.996 saline solution 

Group D (Virus + CIO, LD) 5 100 ul of resuspended avian coronavirus vaccine and 
100 ul of sterile CIO, solution (30 ppm) 

Group E (Virus + CIO; HD) 5 100 ul of resuspended avian coronavirus vaccine and 
100 ul of sterile CIO? solution (300 ppm) 

Group F (Viral control) 5 100 ul of resuspended live attenuated avian 
coronavirus vaccine (Bron Blen® Merial, containing 
107 of mean embryo infective dose (ElDso)/mL of 
coronavirus strains Massachusetts and Connecticut) 
and 100 pl of sterile 0.996 saline solution 


631 ! This concentration is 10 times below the no-observed-adverse-effect level (NOAEL; 3.5 mg/kg per day) 
632 determined for CIO; (Bercz et al. 1982), considering an embryonic mass of 10 g at the time of inoculation. 
633 ¿This concentration is equal to the NOAEL considering an embryonic mass of 10 g at the time of inoculation. 
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Table 2. Macroscopic abnormalities observed at necropsy in the chick embryos. The table 


shows the number of embryos in each group that presented each lesion. (LD: Low dose, HD: 
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TOXICIDAD DEL DIOXIDO DE CLORO Y DEL CLORITO 


Prof. Dr. D. Pablo Campra Madrid. Licenciado en Ciencias Biológicas y Dr. en 
Ciencias Químicas 


Universidad de Almería (España) pcampra@ual.es 


Resumen: Los niveles y condiciones de toxicidad del dióxido de cloro y del 
clorito han sido determinados por numerosos estudios e informes emitidos 
por organismos oficiales, en particular del gobierno norteamericano. De 
acuerdo con dichos informes, no hay base experimental para afirmar que 
exista riesgo de reacciones adversas al administrar dosis potencialmente 
terapéuticas por debajo de 3mg/kg/día a organismos humanos. 


La toxicidad por vía oral y por inhalación del gas dióxido de cloro, y de su 
precursor y producto de reducción, el ion clorito, han sido caracterizadas en 
numerosos estudios publicados en las ültimas décadas en la literatura 
científica. Los primeros estudios fueron promovidos por la USA-EPA (Agencia 
de Protección Ambiental de EEUU}, con el objeto de determinar los niveles de 
seguridad para la potabilización de agua de consumo urbano. En este sentido, 
la EPA ha venido encargando investigaciones y emitiendo informes 
toxicológicos desde los afios 80s, que han permitido caracterizar el perfil 
toxicológico y los niveles de seguridad, que han sido referencia para el resto 
de agencias norteamericanas como el Departamento de Salud (ASTDR) y la 
FDA, y por extensión por otras agencias internacionales que se han hecho eco 
de dichos informes técnicos. Cabe aclarar que en ellos se asume que los datos 
experimentales de toxicidad del dióxido de cloro son por aproximación 
extensibles al clorito, y viceversa, dada la elevada reactividad del dióxido de 
cloro, y su rápida reducción a clorito en medio acuoso, por lo que éste ültimo 
se considera un subproducto posible contaminante resultante de la 
desinfección con dióxido de cloro, junto a cloratos y percloratos. 


Así por ejemplo, en una revisión toxicológica sobre estas sustancias emitida 
por la US-EPA en el 2000 (Agencia de Protección Ambiental)!, se hizo una 
revisión de datos experimentales provenientes en su mayor parte de ensayos 


! US Environmental Protection Agency. Toxicological Review of Chlorine Dioxide and Chlorite. Sept. 2000. 


Disponible en: htips//cfpub.epa.gov/ncea/iris/iris documents/documents/toxreview s/0648tr.pdi 
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con animales”, A partir de revisiones sucesivas, y basándose finalmente en un 
estudio encargado por la EPA para determinar la toxicidad a largo plazo, y en 
varias generaciones de ratones incluyendo grupos sensibles (durante el celo, 
lactancia y parto) (Gill et al., 2000}, la agencia ambiental y posteriormente el 
Departamento de Salud de EEUU^ determinaron los niveles toxicológicos 
experimentales para a una exposición crónica por via oral (>90 dias) de dióxido 
de cloro y clorito. Estos son: un NOAEL de 3 mg/kg/día de ion clorito 
equivalente (non observed adverse effects level o la dosis máxima en la cual no 
se han observado efectos adversos) y un LOAEL de 5,7 mg/kg/dia (lowest 
observed adverse effects level, la dosis mínima en la cual se observó alguna 
toxicidad). Es decir, suponiendo un peso de un adulto de 70 kg, la cantidad 
diaria con la cual la EPA no encontró efecto adverso para consumo oral seria 
de 210 mg de dióxido de cloro (o ion clorito equivalente) al día. 


Basándose en estos dos parámetros de toxicidad (NOAEL y LOAEL), obtenidos 
experimentalmente a partir de ensayos con animales, la EPA realiza 
posteriormente diversos ajustes a la baja para derivar de ellos la dosis de 
referencia (RfD) para la toxicidad crónica en humanos (>90 dias) de estas 
sustancias”. Para ello se aplica al valor experimental NOAEL de 3 mg/kg/día un 
factor de incertidumbre de 100, resultando un valor de referencia de RfD - 
0,03 mg/kg/día. Este RfD no procede directamente por tanto de 
experimentación alguna, y su finalidad es contar con un margen amplio de 
seguridad para el consumo humano habitual, a cambio de una elevada 
incertidumbre. Este factor incluye una incertidumbre de 1/10 para la posible 
diferencia interespecífica con animales, y otro factor añadido de 1/10 para la 
posible variabilidad humana. Sin embargo, el RfD establecido por la EPA se 


? En los estudios sobre la toxicidad del CIO; por via oral que se hacen en animales generalmente no se les 
administra dióxido de cloro (que se evapora con facilidad si la temperatura del agua del bebedero es superior 
a 11°C y por tanto resulta difícil de cuantificar), sino que se les da a beber una solución de clorito de sodio 
con concentración conocida, y se estima la dosis diaria ingerida. Sin embargo, sí existen otros estudios de 
toxicidad por inhalación de CLO2 en ratones. 

3 Gill, M.W., Swanson, M.S., Murphy, S.R. and Bailey, G.P. (2000), Two-generation reproduction and 
developmental neurotoxicity study with sodium chlorite in the rat. J. Appl. Toxicol., 20: 291-303. 
doi:10.1002/1099-1263(200007/08)20:4«291:: AID-JA T65823.0.CO;2-Y 

^ ATSDR, US Department of Health and Human Services. Toxicological Profile for Chlorine Dioxide and 
Chlorite. Sept. 2004. Disponible en: https://w ww .atsdr.cdc. so v/ToxProfiles/tp 1 60.pdf 


5 https://www.enpa.gov/iris/reference-dose-rfd-description-and-use-health-risk-assessments 
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refiere a dosis de dióxido de cloro a emplear para desinfección de agua potable 
destinada a consumo urbano. La propia EPA define el ámbito de aplicación este 
parámetro: "En general, la RfD es una estimación (con incertidumbre que 
abarca quizás un orden de magnitud) de una exposición diaria a la población 
humana (incluidos los subgrupos sensibles) que probablemente no tenga un 
riesgo apreciable de efectos deletéreos DURANTE TODA LA VIDA. No se debe 
concluir categóricamente que todas las dosis por debajo de la RfD son 
"aceptables" (o estarán libres de riesgo) y que todas las dosis que superen la 
RfD son "inaceptables" (o darán lugar a efectos adversos)." Es decir, lo RfD no 
pueden considerarse límites de riesgo aplicables para usos terapéuticos y 
exposiciones agudas o subcrónicas («90dias) a grupos de pacientes en 
situaciones controladas. Mientras esos límites no se determinen determinarse 
experimentalmente en ensayos clínicos debidamente controlados, la 
referencia de toxicidad deben ser los niveles experimentales NOAEL y LOAEL y 
no los RfDs para agua potable de uso comunitario de la EPA. 


Estudios y niveles de toxicidad del dióxido de cloro/clorito por via oral (adaptado de USA-ASTDR, 2004) 
Figure 3-2 Levels of Significant Exposure to Chiorine Dioxide And Cirorita- Oraj ont l 1 
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NOAE! exposición aguda (24h) en humanos 6,34me/kg (Lubhbefs et al, 1982) 
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En la figura 1 (adaptada del informe de la Agencia para sustancias tóxicas (US- 
ASTDR, 2004) del Departamento de Saludo de los EEUU) se han superpuesto 
los límites NOAEL y LOAEL a la representación de estudios de toxicidad 
revisados en el informe. Por encima de un LOAEL de 5,7 mg/kg/día son de 
esperar reacciones adversas, y por otro lado, por debajo del NOAEL de 3 
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mg/kg/día es muy improbables que acontezcan. La línea azul inferior 
representa los niveles máximos de residuo de desinfectante (MRDL) 
establecidos por la EPA para agua potable, 0.08 mg/l. 


Estudios en humanos 


Los escasos estudios clínicos publicados sobre ensayos para determinar la 
toxicidad del dióxido de cloro en humanos apuntan sin embargo a que un 
factor de incertidumbre de 100 para determinar el RfD estaría sobrevalorando 
la toxicidad real en humanos en más de un orden de magnitud, y que los 
niveles de toxicidad NOAEL y LOAEL procedentes de estudios animales reflejan 
con mucha mayor aproximación la toxicidad observada en ensayos humanos. 
Así, por ejemplo, en el primer ensayo clínico exhaustivo encargado por la EPA 
(Lubbers et al, 1981)9, se determinó la ausencia de toxicidad crónica a niveles 
de 5 mg/dia (equivalente a 0,07 mg/kg/dia) y de toxicidad aguda a 24 mg/l 
(equivalente a 0,34mg/kg/dia). Posteriormente se han publicado algunos 
ensayos clínicos controlados basados en la administración de formulaciones 
de diferentes denominaciones (NPOO1, WF10, TCDO), pero cuyo principio 
activo es el clorito sódico. En un ensayo clínico en Fase | para caracterizar la 
toxicidad aguda del clorito sódico puro (NPOO1) (Miller et al, 2014)’ se 
emplearon dosis ünicas crecientes de (0.2, 0.8, 1.6 and 3.2 mg/kg/día). Todas 
las dosis fueron en general seguras y bien toleradas, y no hubo eventos 
adversos serios ni variaciones en parámetros clínicos relevantes. En otros 
ensayos en Fase Il con enfermos de esclerosis lateral amiotrófica ELA (Miller 
et al, 2015)*. Se administró sódico en una sola dosis diaria por vía intravenosa, 
durante 6 meses de forma intermitente. Los ciclos duraban de 3 a 5 días 
consecutivos (exposición subaguda), administrándose un ciclo por mes. El 
estudio dio como resultado una evidencia de clase | de que el clorito sódico 


6 1 R Lubbers, S Chauhan, J K Miller, J R Bianchine. The effects of chronic administration of chlorine dioxide, 
chlorite and chlorate to normal healthy adult male volunteers. J Environ Pathol Toxicol Oncol 

. 1984 Jul;5(4-5):229-38. https://pubmed.ncbi.nlm.nih.gov/6520728/ 

۶ Miller RG, Zhang R, Block G, et al. NPOO1 regulation of macrophage activation markers in ALS: a phase | 
clinical and biomarker study. Amyotroph Lateral Scler Frontotemporal Degener 2014;15:601-609, 

8 Miller RG, Block G, Katz JS, Barohn RJ, Gopalakrishnan V, Cudkowicz M, Zhang JR, McGrath MS, Ludington 
E, Appel SH, Azhir A; Phase 2 Trial NPOO1 Investigators. Randomized phase 2 trial of NPOO1-a novel immune 
regulator: Safety and early efficacy in ALS. Neurol Neuroimmunol Neuroinflamm. 2015 Apr 9;2(3). 
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fue “en general, seguro y bien tolerado”, excepto por dolor en el lugar de la 
infusión y mareo transitorio. En conclusión, a partir de los datos de estos 
| ensayos, se puede afirmar que la dosis máxima sin reacciones adversas 
| (NOAEL) en aplicaciones subagudas (3-5 dias) puede establecerse en 2 
mg/kg/dia, mientras los efectos adversos pudieron observarse a partir de un 
LOAEL de 4,2mg/kg/dia. 


MÀ‏ —— ما منم 


Toxicidad de dosis potencialmente terapéuticas contra la COVID19 


| Aun no existen ensayos clínicos publicados sobre la aplicación terapéutica de 
| clorito o dióxido de cloro frente a la COVID19. Si tomamos como referencia las 

comunicaciones orales hechas públicas por personal médico asociado en la 
| COMUSAV’, y el único informe médico disponible hasta la fecha, hecho público 
online por la AEMEMI’® de Ecuador, las dosis terapéuticas que están siendo 
| aconsejadas para el tratamiento adyuvante de la COVID-19 en Hispanoamérica 
son muy inferiores a los límites de toxicidad mínima determinados 
experimentalmente (NOAEL y LOAEL)**. En la Figura 2 se reflejan las dosis 
tóxicas mínimas detectadas en diferentes estudios (en rojo), asícomo las dosis 
con potencial terapéutico donde es muy improbable que se detecten 
| reacciones adversas en aplicaciones subagudas (»28 días). Como referencia se 
۱ muestran también las dosis de referencia (RfD) y el límite máximo de 

desinfectante dióxido de cloro y contaminante clorito establecido por la EPA 
i para el agua potable MDRL (en azul). Como puede verse, por debajo del NOAEL 

de 3 mg/Kg/dia no existen datos experimentales que permitan afirmar que 
| existe un riesgo para la salud. En la escala horizontal se reflejan las dosis diarias 


? Véanse, por ejemplo, comunicación de los Drs. Aparicio y Moncada 





| 
| hitps://drive.google.com/file/d/12bw8D-EPmsIDebx0b0eUDsP4vCBPKygd/view) 


| 1? Dioxido de cloro: una alternativa efectiva para el tratamiento del SARS-CoV2 (COVID —19) Asociación 
| Ecuatoriana de Medicos Expertos en Medicina Integrativa (A E M E M I) 





| H Hay que tener en cuenta que en estos reportes Ja dosis de dióxido de cloro suele expresarse en ml diluidos de 
| disolución concentrada a 3.000 mg/l (ppm), por lo que para calcular la equivalencia en mg/día, debe 
multiplicarse por 3 las dosis dadas en mililitro, para cada litro diario administrado. Por ejemplo, cada 10ml de 
dióxido diluidos en 11 contienen 30 mg de dióxido de cloro. Recíprocamente, cada 1 mg/día equivale a una 
| dosis de 0.33 ml de solución concentrada a 3.000 mg/l. 
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estimadas para un adulto de 70kg. En ambas figuras 1 y 2 no se incluyen los 
estudios en humanos citados (Miller et al, 2015; 2014), cuyos niveles NOAEL y 
LOAEL estarían por debajo de los determinados por la EPA. 


Dosis de DIOXIDO DE CLORO/CLORITO empleadas en estudios 
de toxicidad subaguda (<28d), o crónica (>90d) (ASTDR, 2004) , 
MORTALIDAD 
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dosis diaria (mg), adulto de 70kg de peso y consumo de 1l/dia 


@Dr. Pablo Campra 


Figura 2 


Asi por ejemplo, y tomando como referencia de dosis potencialmente 
terapéuticas las empleadas en el estudio de la AEMEMI de Ecuador, la dosis 
diaria total administrada por via oral fue de entre 0,4-0,9 mg/kg/día, muy por 
debajo de los niveles de toxicidad mínima descritos en el presente informe. 


En conclusión, no se dispone de evidencias experimentales que permitan 
afirmar que a dosis inferiores a 3 mg/kg/día exista riesgo de reacciones 
adversas ni variaciones en parámetros clínicos relevantes. Esta dosis 
equivale a 210 mg de dióxido de cloro o clorito al día para un adulto medio 
de 70kg. La toxicidad mínima observable sería esperable a partir de 5,7 
mg/kg/dia, equivalente a 420 mg/dia para un ser humano adulto medio. 


España, 22 de Octubre de 2020 


Puede verificar la autenticidad, validez e integridad de este documento en la dirección: 
https://verificarfirma.ual.es/verificarfirma/code/PnfGLKk38P Edf/HXmWsS3PJw-- 


Pablo Campra Madrid 
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COMUSAVZUO 


Nota importante: Las estimaciones sobre toxicidad del dióxido de cloro 
efectuadas en este informe presuponen el empleo de un producto de alta 
pureza, debidamente estabilizado y/o conservado, así como con los debidos 
controles de concentración previos a su administración y analíticas de 
impurezas y posibles subproductos de degradación que pueden presentar 
toxicidad añadida. Las afirmaciones de este informe son responsabilidad del 
autor y no involucran postura oficial alguna de la Universidad de Almeria. 


Puede verificar la autenticidad, validez e integridad de este documento en la dirección: 
hitos://verificarfirma.ual.es/verificarfirma/code/PniGLk38PEdf/RXmWs3PJw== 


Pablo Campra Madrid 22/10/2020 
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` LEY DEPARTAMENTAL DE 22 DE JULIO DE 20320 
E LEGISLATURA 2019-2020 


N? 


«PRODUCCIÓN Y DISTRIBUCIÓN 
GRATUITA Y SUPERVISADA DE 
| DIÓXIDO DE CLORO” 





Por cuanto, la Asamblea Legislativa Departamental de Cochabamba, sanciona la 
siguiente Ley: 


LA ASAMBLEA LEGISLATIVA DEPARTAMENTAL DE COCHABAMBA 


SANCIONA: 


ARTÍCULO 1. (OBJETO) La presente Ley tiene por objeto promover y regular la 
producción de dióxido de cloro y su distribución gratuita en Cochabamba, 
garantizando el acceso a este producto como alternativa para superar el 
coronavirus. 
ARTÍCULO 2. (ALCANCE) La presente Ley tiene como alcance y aplicación toda 
| la jurisdicción del departamento de Cochabamba. 
| ARTÍCULO 3. (BASE LEGAL) La presente ley tiene como base legal lo establecido 
en los articulos 9 numeral 5), 18, 35, 36, 37, 299 parágrafo II numeral 2) y 300 
| de la Constitución Política del Estado; el artículo 81 parágralo III de la Ley N? 
| 031 Marco de Autonomías y Descentralizacion “Andrés Ibáñez” y los artículos 5 
numeral 1), 18 inciso d), 36 inciso e) de la Ley N? 602 de Gestión de Riesgos y 
Ley Departamental N? 964 "Declarar de interés y prioridad departamental las 
۱ acciones y medidas necesarias para la prevención, contención de la propagación 
y atención del contagio del coronavirus (COVID-19)”. 
ARTÍCULO 4. (DIÓXIDO DE CLORO) 
| I. El Dióxido de Cloro es una sustancia que tiene un ión de cloro y dos iones 
| de oxigeno, resultando un gas de oxigenación celular que según 
investigaciones recientes previene, combate y ayuda a la prevención, 
tratamiento y recuperación de enfermos نه وه‎ por el coronavirus 
| (COVID-19). 
1], El Dióxido de Cloro, será aplicado de acuerdo a su protocolo de uso para la 
۱ prevención, atención y tratamiento para el coronavirus (COVID-19) en el 
| Departamento de Cochabamba, por vía oral o vía intravenosa de acuerdo a 
diagnóstico clinico del enfermo con coronavirus (COVID-19) y con pleno e 
informado consentimiento de éste o en su defecto por sus familiares. 
| ARTÍCULO 5. (AUTORIZACIÓN DE SUSCRIPCIÓN DE CONVENIOS) 
| 1. Se autoriza al Organo Ejecutivo Departamental de Cochabamba la 
suscripción de convenios interinstitucionales con la Universidad Mayor de 
San Simón y/u otras universidades privadas o públicas, así como 
| laboratorios privados y organismos internacionales para la producción de 
dióxido de cloro, atendiendo a los estudios científicos sobre dicha 
sustancia. 
2. Se autoriza al Organo Ejecutivo Departamental de Cochabamba 8٥ 
suscripción de convenios intergubernativos con el Gobierno Central del 
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Estado y los Gobiernos Autónomos Municipales para la producción y 

۱ distribución del Dióxido de Cloro. 
| ARTÍCULO 6. (PRODUCCIÓN DE DIÓXIDO DE CLORO) El Órgano Ejecutivo 
del Gobierno Autónomo Departamental de Cochabamba, a través de la 

Secretaría de Desarrollo Humano, realizará las modificaciones presupuestarias 
| para garantizar el presupuesto necesario de la producción masiva y distribución 
| gratuita del Dióxido de Cloro. 

ARTÍCULO 7. (PROTOCOLO DE USO DE DIÓXIDO DE CLORO) El Servicio 
| Departamental de Salud (SEDES) asumira las siguientes responsabilidades: 
1. Elaborará, aprobará y pondra en vigencia, un protocolo para el uso del 
Dióxido de Cloro, en los diferentes hospitales de 1°, 2? y 3? nivel del 
| sistema püblico, privado y de la seguridad social tomará en cuenta 
| cantidades y tiempos de suministro del Dióxido de Cloro, en enfermos con 
coronavirus (COVID-19) y de manera preventiva cantidades y ritmo de 
| suministro del Dióxido de Cloro para aquellas personas que hayan tenido 
| contacto por riesgo de contagio. 
2. Elaborará, aprobará y socializará el formulario, de consentimiento 
| informado, en formato electrónico y fisico para. las personas infectadas 
| con el coronavirus (COVID-19) y las que han tenido contacto y/o riesgo de 
contagio, con pleno e informado consentimiento del interesado o en su 
defecto, con autorización de sus familiares. 
| 3. Elaborará un protocolo de seguimiento y control de la producción, 
| distribución y de los resultados del uso del dióxido de cloro. 
| ARTÍCULO 8. (CAPACITACIÓN PARA EL USO Y APLICACIÓN DEL DIÓXIDO 
۱ DE CLORO) El Servicio Departamental de Salud, promoverá e impulsará la 
| capacitación del personal médico de los centros de salud de primer y segundo 

nivel y centros hospitalarios de tercer nivel, públicos y privados, para el uso y 

aplicación del Dióxido de Cloro - CDS, por vía oral y vía intravenosa en enfermos 
| con el coronavirus (COVID-19), cumpliendo el protocolo de atención y 

tratamiento. La capacitación también será para aplicar el protocolo para la 
prevención en personas con contacto por riesgo de contagio. 

ARTÍCULO 9. (AMBIENTE PARA LABORATORIO DE PRODUCCIÓN DE 
| DIÓXIDO DE CLORO) El Órgano Ejecutivo Departamental de Cochabamba 
otorgará un laboratorio debidamente equipado para la elaboración y producción 
masiva del Dióxido de Cloro y todos los implementos y personal técnico necesario 
para la producción, mientras que dure la emergencia sanitaria departamental. 
ARTÍCULO 10. (MEDIDAS DE SEGURIDAD] El Organo Ejecutivo 
Departamental dotará de manera permanente equipos de protección de 
| bioseguridad a todo personal que trabaje en la producción y distribución gratuita 
۱ de Dióxido de Cloro del departamento de Cochabamba. 

ARTÍCULO 11. (CONTRATACIÓN DIRECTA POR EMERGENCIA) 
| I. Se autoriza al Organo Ejecutivo Departamental la modalidad de 
Contratación Directa segün Decreto Supremo N? 0181, Decreto Supremo 
N? 4174 de 4 de marzo de 2020 y Decreto Supremo N? 4205 de 1 de abril 
de 2020, para la adquisición y provisión oportuna de bienes, 
| infraestructura, mobiliario, medicamentos, insumos, reactivos, 
۱ equipamiento, equipos de bioseguridad y otros, en tanto perdure el 

coronavirus COVID-19 a nivel departamental. 
11. Asimismo se autoriza la contratación excepcional de recursos humanos 
para el laboratorio de producción de Dióxido de Cloro. 
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ARTÍCULO 12. (GRATUIDAD DE LA DISTRIBUCIÓN DE DIOXIDO DE CLORO) 
| I. Las dosis necesarias de dióxido de cloro para los pacientes infectados con 
coronavirus (COVID- 19), se distribuirán de forma gratuita. 

II. A las personas que han tenido contacto y/o riesgo de contagio del 
coronavirus (COVID-19), se distribuirá el dióxido de cloro de manera 
gratuita por una sola vez. 

ARTÍCULO 13. (COMUNICACIÓN E INFORMACIÓN) El Órgano Ejecutivo 
Departamental realizará acciones de comunicación e información a través de 
| medios de comunicación, portales web, redes sociales de carácter oficial, para 
informar sobre las ventajas y cuidados del uso del Dióxido de Cloro, el "Protocolo 
de uso del Dióxido de Cloro, para la prevención, atención y tratamiento del 
d coronavirus (COVID-19)", así como el reglamento para su producción y 
distribución. 


ILL a 


DISPOSICIONES TRANSITORIAS 
| DISPOSICIÓN TRANSITORIA PRIMERA. El Órgano Ejecutivo Departamental en 
un plazo no mayor a 3 (Tres) dias calendario a partir de la promulgación de la 
presente Ley Departamental, deberá reglamentar el uso, producción y 
| distribución del Dióxido de Cloro. 
| DISPOSICIÓN TRANSITORIA SEGUNDA. El Servicio Departamental de Salud en 
coordinación con el Organo Ejecutivo Departamental, en un plazo no mayor a 2 
| días calendario elaborará y aprobará el "Protocolo de uso del Dióxido de Cloro, 
۱ para la prevención, atención y tratamiento del COVID-19" en enfermos con 
coronavirus (COVID-19) y pacientes con contacto por riesgo de contagio. 
DISPOSICIÓN TRANSITORIA TERCERA. El Órgano Ejecutivo Departamental 
| dentro del marco de la emergencia sanitaria departamental, en un plazo máximo 
a 10 (Diez) dias calendario posteriores a la reglamentación, deberá poner en 
funcionamiento el laboratorio de elaboración y producción de dióxido de cloro de 
| manera responsable. 


Remitase a la Gobernación para fines legales de promulgación y publicación. 
| Es dada cn la sala de Sesiones de la Asamblea Legislativa Departamental, en la 


ciudad de Cochabamba a los veintidós dias del mes de julio del año dos mil 
veinte. 
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LEY DEPARTAMENTAL No. 193 
Ley de 9 de septiembre de 2020 


Félix Patzi Paco, Ph. D. 
GOBERNADOR DEL DEPARTAMENTO DE LA PAZ 


Por cuanto: 
LA ASAMBLEA LEGISLATIVA DEPARTAMENTAL DE LA PAZ 
HA SANCIONADO: 


“LEY QUE AUTORIZA LA PRODUCCIÓN, DISTRIBUCIÓN Y USO DEL 
DIÓXIDO DE CLORO (CDS) PARA LA PREVENCIÓN, ATENCIÓN Y 
TRATAMIENTO DEL COVID -19 EN EL DEPARTAMENTO DE LA PAZ” 


DISPOSICIONES GENERALES 


Artículo 1. (OBJETO) La presente ley tiene por objeto ejercer el control de calidad 
y distribución para el uso compasivo y consumo del Dióxido de Cloro (CDS) y 
autorizarlo como agua mineral de manera voluntaria y consentida, para el 
bienestar de la salud, conforme la Constitución Política del Estado, la Ley No. 031 
Ley Marco de Autonomías y Descentralización "Andrés Ibáñez” y normativa 
vigente. 


Articulo 2. (ÁMBITO DE APLICACIÓN) El Dióxido de Cloro (CDS) se aplicará en 
los centros de salud de Primer, Segundo Nivel y Centros Hospitalarios de Tercer 
Nivel de los ochenta y siete (87) municipios del departamento de La Paz, que 
estén bajo tuición del Servicio Departamental de Salud (SEDES), así como en los 
Centros de Salud de carácter privado o de convenio que así lo requieran, de 
manera voluntaria. 


Artículo 3. (DIÓXIDO DE CLORO) El Dióxido de Cloro es un agua mineral que 
resulta de la combinación de Clorito de Sodio (NCLO2) al 28% más ácido 
clorhídrico (HCL) al 496 el cual será aplicado para la prevención y tratamiento del 
Covid-19 en el Departamento de La Paz con consentimiento, manifiesta voluntad e 
información previa al paciente . 


Artículo 4. (AUTORIZACIÓN Y CONTROL PARA LA PRODUCCIÓN, 
COMERCIALIZACIÓN Y DISTRIBUCIÓN DEL DIÓXIDO DE CLORO-CDS) I.- Se 
autoriza al Gobierno Autónomo Departamental de La Paz, suscribir acuerdos con 
Universidades y Laboratorios particulares debidamente establecidos en territorio 
nacional, para la producción y elaboración del Dióxido de Cloro (CDS) para 
consumo humano, de acuerdo a las características descritas en el artículo 3 de la 
presente Ley. 


H.- El Órgano Ejecutivo Departamental adquirirá los lotes necesarios de Dióxido de 
Cloro (CDS) para su distribución gratuita en los Centros Médicos bajo 
dependencia del SEDES en concordancia con el artículo 2 de la presente Ley. 


Il. Los Gobiernos Autónomos Municipales establecidos dentro el territorio 
departamental podrán adquirir el Dióxido de Cloro (CDS) directamente de los 
laboratorios que lo estén produciendo sean estos a nivel universitario o 
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particulares, a fin de realizar la misma distribución gratuita en los centros médicos 
de sus dependencias. 


IV.- Se prohíbe la venta y distribución del Dióxido de Cloro (CDS) que no estén 
autorizados debidamente. La venta al püblico se podrá realizar por intermedio de 
las Farmacias legalmente establecidas. 


Artículo 5. (PROTOCOLO DE USO COMPASIVO DEL DIÓXIDO DE CLORO 


(CDS) PARA LA PREVENCIÓN, ATENCIÓN Y TRATAMIENTO DEL COVID 19) 
۱. El Órgano Ejecutivo a través del Servicio Departamental de La Paz — SEDES La 
Paz y en coordinación con las instituciones académicas y/o cientificas aplicará el 
Protocolo de Uso Compasivo del Dióxido de Cloro - CDS, como medida previa a 
los Estudios Clínicos. 


ll. El Protocolo de Uso Compasivo del Dióxido de Cloro - CDS para la prevención, 
atención y tratamiento de enfermos de COVID-19, será aplicado por el personal 
médico en los centros de salud de Primer y Segundo Nivel, Centros Hospitalarios 
de Tercer Nivel y en personas naturales que hayan tenido contacto y riesgo de 
contagio con pleno consentimiento del interesado de manera voluntaria. 


Artículo 6. (ESTUDIO CLÍNICO) EI Órgano Ejecutivo del Departamento de La Paz 
a través del SEDES La Paz, de manera simultánea a la aplicación del Protocolo de 
Uso Compasivo del Dióxido de Cloro - CDS, como medida previa a los estudios 
clínicos, en el lapso de 45 días hábiles, realizará un Estudio Clínico en base a la 
Norma de Estudios Clínicos, para tal efecto podrá suscribir acuerdos y/o 
convenios con instituciones de carácter académico y/o científico, así también 
deberá asignar un presupuesto destinado a cubrir el costo del Estudio Clínico. 


Artículo 7. (CAPACITACIÓN PARA EL USO Y APLICACIÓN DEL DIÓXIDO DE 
CLORO - CDS) El Gobierno Autónomo Departamental de La Paz a través del 
SEDES La Paz, deberá capacitar al personal médico de los centros de salud de 
primer y segundo nivel y centros hospitalarios de tercer nivel, en base al Protocolo 
de Uso Compasivo del Dióxido de Cloro - CDS, como medida previa a los 
estudios clínicos. 


Artículo 8. (PRESUPUESTO) I. Para el cumplimiento de la presente ley, el 
presupuesto departamental será garantizado, asignado y dispuesto por el Órgano 
Ejecutivo Departamental, en el marco del "Plan Departamental Estratégico 
Operativo para la disminución del riesgo de contagio a través de la prevención, 
mitigación, atención, tratamiento y control sanitario permanente" para la 
prevención, atención, mitigación de la emergencia sanitaria COVID 19. 


Ill. El cumplimiento de la presente Ley, será garantizado con un porcentaje de los 
recursos reasignados del Fondo de Promoción a la Inversión en Exploración y 
Explotación Hidrocarburífera — FPIEEH por Ley Nacional No. 1307 a los Gobiernos 
Autónomos Municipales y Departamentales. 


Artículo 9. (COMUNICACIÓN E INFORMACIÓN) El Órgano Ejecutivo 
Departamental realizará acciones de comunicación e información a través de 
medios de comunicación, portales web, redes sociales de carácter oficial, para 
informar sobre el uso del Dióxido de Cloro, el "Protocolo de uso del Dióxido de 
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Cloro - CDS, para la prevención, atención y tratamiento del COVID 19", así como 
el reglamento para su producción y comercialización. 


DISPOSICIONES FINALES 


Disposición Final Primera. El Órgano Ejecutivo Departamental reglamentará la 
presente Ley, en un plazo de 48 horas para su aplicación y vigencia en el 
Departamento de La Paz, que se computarán a partir de la promulgación de la 
presente ley. 


Disposicion Final Segunda. Queda prohibida la venta, fabricación y 
comercialización del Dióxido de Cloro que no esté debidamente autorizada, el 
incumpliendo de ésta disposición será sancionado por Ley. 


Disposición Final Tercera. El SEDES La Paz elaborará y aprobará en 
coordinación con el Órgano Ejecutivo Departamental, en un plazo de 48 horas el 
Protocolo de Uso Compasivo del Dióxido de Cloro - CDS, como medida previa a 
los estudios clínicos. 














DISPOSICIONES ABROGATORIAS 


Quedan abrogadas y sin efecto todas las disposiciones contrarias a la presente 
Ley en el Departamento de La Paz. 


Remítase al Ejecutivo del Gobierno Autónomo del Departamento de La Paz, para 
fines constitucionales. 


Es dada en la Asamblea Legislativa Departamental de La Paz, a los días 25 del 
mes de agosto de dos mil veinte años. 


Fdo. H. Edwin Zarate Mamani; Presidente, Saturnino Edgar Apaza Machaca; 
Vicepresidente, Sucy Vicky Chura Quiuchaca; Secretaria, José Pepe Flores 
Cuentas; Vocal | de la Asamblea Legislativa Departamental de La Paz. 


POR TANTO: La promulgo para que se tenga y cumpla como Ley Departamental. 


Es dado en la Gobernación de La Paz, a los nueve (9) días del mes de septiembre 
de dos mil veinte (2020) años. 





یہر روح را ولو بت و تہ 

۲ Feltx Patzi Paco 
GOBERNADOR 

DEPARTAMENTO DE LA PAZ 
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Número de infectados diariamente en Francia, España, 
Estados Unidos de América, Alemania, México y Bolivia. 
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Francia, 26 Octubre, 2020. Nümero de infectados por COVID-19, diariamente 

Fuente: https://www.google.com/search?sxsrfZALeKkO11Ua 
hbedltU67pZssyh7y47ig963A1603726133045 &ei- NeuWX8SsAsKOsQXLuKilCg&gzestadisticascovid*Fran 
cia&og=estadisticastcovidtFrancia&gs lcp-CgZwc3ktYWIQAzIECCMQJZIGCAAQFhAeOgQIABBDOGSIIAFDr 
-RhYyv8YYlaFGWgACABAAIABvgGIAa4JkgEDMCAAmAEAOAEBgagEHZ3dzLXdpesABAQ&sclient-psy- 
ab&ved-OahUKEwiEm-izydLsAhVCWaqwKHUscCqEOA4dU DCAO& uact-5 
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Espafia, 26 Octubre, 2020. Nümero de infectados por COVID-19, diariamente 


Fuente: 

https://www.google.com/search?sxsrf-ALeKk02W VypTwOmWFISZ FqQexw582kQ9g963A16037277788 
23&ei-ovGWXo|jkMc- 
GsAXPOLsIi&gzestadisticastcovid--Espa96C396B1a&og-estadisticas*-covid-Espa96C396B1a&gs lcp-CgZwc3 
ktYWIQAzIECCMQJzICCAAyAggAMglIADICCAAvBggAEBYOH)IGCAAQFhAeOgQIABBDOgcIABAUEICCUMXE 
S1ilyktg9c9LaABwAHgAgAGRAogBxwmSAQUwLjUuMpgBAKABAaoBB2d3cy13aXrAAQE&sclientzpsy- 
ab&ved=OahUKEwiovcrEz9LsAhVPA6bWKHU oDgEQAdUDCAO&Uuact-5 
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Estados Unidos de América, 26 Octubre, 2020. Número de infectados por COVID-19, diariamente 
Fuente: 
wWww.google.com/search?sxsrf-ALeKkO1nulmZbGikiNJWZxD ia FFW67xQ963A1603726545967& 





ei=OeyWX SSOok6sQXArproCA&q=estadisticas+covid+USA&oq=estadisticast+covidtUSA&gs Icp-CgZwc 





3ktYWIOQAzIECCMOJZzIFCAAQywE6BggAEBYOHjoCCABQmMUUWPLHFGCAzhRoAHAAeACAADABIAHOBJIB 
AzAuNJgBAKABAaoBB2d3cy13aXrAAQE&sclient-psy- 
ab&ved-zOahUKEwiO5trAytLsAhUCXawKHUCXBoOQAdUDCAO&uact-5 
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Alemania, 26 octubre, 2020. Nümero de infectados de COVID-19, diariamente. 

Fuente: 
https://www.google.com/search?sxsrf=ALeKkO2MN6QEbDrilR7i511N54a53sLQ0VA%3A16037268860808 
ei-Ju6eWx- 

xBinaswXKw6u4BO &a=estadisticas+covid+Alemania&oq=estadisticastcovidtAlemania&gs lcp-CgZwc3 
ktYWIQAzIECCMQJzoCCAA6BOghEKABOgYIABAWEB5Q2LKNWIHSDWCI2A10AnAAeACAAbgCIAGQEJIBBz 
AuNy4zL¡GYAOCgAQGgAOdnd3Mtd2l6wAEBésclient=psy- 
ab&vedzOahUKEwis3PGazNLsAhUJ7awKHcrhClcOA4dUDCAO& uact-5 
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México 26 octubre, 2020. Nümero de infectados de COVID-19, diariamente. 
Fuente: 
: //www.google.com/search?sxsrfzZALeKkO177LygPVOzl ¡SAnUgFWIMpCin9Uw%3A1603729211351 
&ei-O eWXAX- 
FMGGsOWA2A4iADA&azestadisticas-covid--Mexico&ogzestadisticastcovid--Mexico&gs ۱٣-٢۲٧۷ 








WIQAzIECCMOQJzICCAAyBggAEBYOHjIGCAAQFhAeMgYIABAWEBAyBOgAEMSBMgUIABDLAToFCAAQSQN 
QjSUDWP3KA2CLOQNOAHAAeACAACUBIAHBBSIBAzAuNSgBAKABAaoBB2d3cy13aXrAAQE&sclient-psy- 
ab&ved-OahUKEwijFh9Xv1NLsAhVBOSwKHYAtAsgQAdUDCAO&uact-5 
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Bolivia, 26 octubre, 2020. Número de infectados de COVID-19, diariamente. 
Fuente: 


https://www.google.com/search?sxsrf-ALeKkO1]v3vY9SEhLdivbSFxtipLbGVGVKw963A1603729273284&el 


-efeWX7XTEIIMsQXRy73QDw&dqg-zestadisticasrcovid--bolivia&ogzestadisticas*covid4bolivia&gs lcp=CgZ 
wc3ktYWIQAzIECCMQJzoECAAQQzoCCAAGBggAEBYOHIoICCEQFhAdEB5OteFJWMDASWCjgEpoAXAAeAC 
AAdkDIiAHRCSIBBzAuOCAOLTGYAOCgAQGgAQdnd3Mtd2l6wAEB&sclientzpsy- 
ab&vedzOahUKEwi185iN1dLsAhUIRqwKHdFID oQ4dUDCAO&uact-5 
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_ Infecciones por día de COVID- 19, Oct 26, 2020 


| Población -Infectados ۱ 


Infectados/día* | ۱ 
Millones. M 0 ^ [millón habitantes 


Francia - TOR RS 46, 489 er S 694 — mI 
— 47 ` 19270 © |. 410 
EUA 3228 — 74,492 وت ہا‎ 

Alemania 83 12,377 — 149 
México 136 = 5663 44 
ponvi 11 136 5 12 
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